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1.0  INTRODUCTION 


1.1  BACKGROUND 

Considerable  research  and  development  effort  has  been  expended  during  the  past 
few  years  directed  toward  achieving  an  expedient  surfacing  material  that  can  be 
rapidly  applied  and  which  will  provide  a  high  strength  surface  that  is  usable  in  a 
very  short  time  (minutes)  after  emplacement.  Such  surfaces  are  particularly 
attractive  for  either  military  or  civil  usage  where  operations  are  conducted  in 
remote  areas  and  availability  and  transport  of  concrete  or  asphaltic  materials 
pose  unreasonable  burdens,  rapid  reaction  is  required,  and  long  term  usage 
with  no  structural  degradation  is  not  a  factor. 

Starting  in  1964  both  The  Boeing  Company  and  LTV  Aerospace  Corporation 
conducted  various  expedient  surfacing  programs  under  government  contract. 

Boeing,  under  contract  to  the  U.  S.  Marine  Corps,  developed  the  "On  Fast" 
fiberglass  reinforced  resin  system.  This  system,  employing  chopped  strand 
fiberglass  matting,  produced  a  surface  of  medium  strength  and,  in  which,  cure 
could  be  effected  at  low  temperature  and  in  the  presence  of  moisture.  LTV, 
under  contract  to  the  U.S.  Air  Force,  developed  the  "Rapid-Site"  fiberglass 
reinforced  resin  system.  This  system,  employing  woven  roving  fiberglass 
matting,  produced  a  surface  of  high  strength  but  cure  could  not  be  effected  at 
low  temperature  and  in  the  presence  of  moisture.  Both  systems  produced 
surfaces  which  showed  great  promise  for  uses  such  as  roadways,  helicopter  pads, 
and  storage  and  parking  areas.  The  equipment  developed  by  Boeing  and  LTV 
during  the  respective  contracts ,  while  generally  satisfactory  for  constructing 
surfacing,  pointed  out  the  need  for  better  integrated,  production  oriented  equip¬ 
ment  systems. 

1.2  PROGRAM  DESCRIPTION 

As  a  follow-on  to  the  above  programs,  U.S.  Navy  Contract  N62399-71-C-0016 
(Ref.  1)  was  implemented.  This  contract  for  development  and  fabrication  of 
prototype  advanced  surfacing  sj  stems  for  military  use  on  soils  was  administered 
by  the  U.S.  Naval  Civil  Engineering  Laboratory  at  Port  Hueneme,  California,  with 
The  Boeing  Company,  Seattle,  Washington  as  contractor.  Period  of  performance 
extended  from  June  1,  1971  through  November  30,  1972.  The  contract  specified 
that  a  surfacing  material  be  selected  and  verified  which  would  cure  at  low  tempera¬ 
ture  and  in  the  presence  of  moisture,  similar  to  On-Fast,  and  contain  high  strength 
properties  similar  to  Rapid-Site.  The  contract  also  specified  that,  based  on 
operational  usage  studies,  a  high  rate,  truck  mounted  surfacing  equipment  system, 
and  a  low  rate,  trailer  mounted  equipment  system  be  designed,  developed,  tested 
and  delivered.  These  prototype  equipment  systems  specifications  required  the 
equipment  capability,  versatility,  and  operational  integration  with  inventory 
ancillary  equipment  which  would  be  necessary  for  production  systems.  Additional 
program  requirements  included  documentation  and  delivery  of  operation  and 
maintenance  manuals  and  preparation  and  delivery  of  drawings  and  specifications. 
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1.3  REPORT  ORGANIZATION 

This  report  of  the  program  activities  conducted  under  NCEL  Contract 
N62399-71-C-0016  includes  the  major  program  activities  reflected  by  the  Boeing 
documents  listed  below  and  previously  submitted  to  NCEL.  Applicable  sections 
of  these  documents  are  repeated  in  this  report,  with  changes  made  where  neces¬ 
sary  for  up-dating.  Paragraph  numbers  have  been  changed  to  conform  with  the 
format  of  this  report. 

D180-12997-1, Revision  A;  Advanced  Surfacing  Systems  Material  System  Selection 
and  Verification  (Reference  2). 

D180-12989-1,  Revision  B;  Advanced  Surfacing  Systems  Operational  Usage  Study 
(Reference  3). 

D180-14170-1,  Revision  A;  Preliminary  Design  Data  -  Advanced  Surfacing 
Systems  (Reference  4). 

D180-14261,  Preliminary  Design  Data  -  Advanced  Surfacing  Systems 
(Reference  5). 

D180-14507-1,  Revision  A;  Test  Plan  -  Advanced  Surfacing  Systems 
(Reference  6). 

Additional  areas  of  the  report  address  equipment  selection,  procurement  and 
fabrication;  systems  tests  and  demonstrations;  equipment  refurbishment  and 
delivery;  operation  and  maintenance  manuals  preparation;  and  drawings  and 
specifications. 
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2.0  SUMMARY 


2.1  Problem 

The  current  concept  of  military  equipment  and  personnel  deployment  requires 
the  capability  to  provide  rapid  construction  in  remote  or  forward  areas  and  is 
an  aspect  of  Bare  Base  operations.  Such  construction  includes  vehicular 
operation  and  parking  areas,  material  transfer  and  storage  areas,  helicopter 
pads,  revetments,  soil  erosion  prevention,  sealing  of  sub-grades  from  water 
infiltration  and  other  such  uses.  In  many  cases  the  remote  locations  where  such 
construction  is  required,  the  requirement  for  rapid  construction  and  immediate 
usage,  as  well  as  the  limited  requirements  for  permanency,  preclude  or  do  not 
warrant  the  use  of  conventional  construction  materials  such  as  concrete  or 
asphalt.  Surfacing  fabricated  from  woven  wire  matting,  plastic  trackways  and 
metal  sections  have  been  used  for  rapid  construction  but  with  limited  success. 
Components  for  connecting  adjoining  sections  are  subject  to  damage  limiting  the 
usable  life  of  the  surfacing  and  preventing  the  intended  reuse  in  other  areas. 

Also,  such  surfacing  sections  do  not  provide  the  required  versatility  for  the  wide 
range  of  construction  required. 

Past  programs  such  as  the  U.S.  Marine  Coprs  On-Fast  and  the  U.S.  Air  Force 
Rapid-Site  have  demonstrated  the  feasibility  of  using  on-site  fabricated  fiberglass 
reinforced  resin  laminates  for  the  various  types  of  construction  noted  above.  Both 
On-Fast  and  Rapid-Site  surfacing  have  desirable  characteristics  such  as  low 
temperature/moisture  cure  with  On-Fast  and  high  strength  with  Rapid -Site.  How¬ 
ever,  a  single  surfacing  had  not  been  developed  which  emphasized  low  temperature/ 
moisture  cure  capability  combined  with  high  strength.  Also,  the  equipment  systems 
developed  during  the  On- Fast  and  Rapid-Site  programs  were  not  oriented  to  provide 
sustained  high  rate  surfacing.  Further  effort  was  required  to  evolve  integrated 
surfacing  systems  combining  the  best  features  of  On-Fast  and  Rapid-Site,  incorpo¬ 
rating  improvements  identified  during  these  programs,  and  based  on  planned 
operational  usage. 

2.2  Approach  and  Results 

Due  to  the  continued  requirement  for  rapidly  emplaced,  quickly  usable  material 
for  construction,  and  recognition  of  the  high  potential  of  fiberglassed  reinforced 
resin,  the  development  of  advanced  surfacing  systems  was  undertaken.  This 
development  of  advanced  surfacing  systems  for  military  use  on  soils  was  performed 
by  The  Boeing  Company  under  contract  to  the  U.S.  Naval  Civil  Engineering 
Laboratory,  Port  Hueneme,  California,  per  Contract  N62399-71-C-0016.  The 
contract  specified  the  selection  and  verification  of  a  surfacing  material  system, 
operational  usage  studies,  and  development  of  both  high  rate  and  low  rate  surfacing 
equipment  systems.  The  contract  also  specified  extensive  tests  and  demonstrations 
of  performance  capability  with  subsequent  delivery  of  equipment.  Preparation  and 
delivery  of  operating  and  maintenance  manuals  and  of  drawings  and  specifications 
were  included  in  the  contract.  Figure  1  indicates  the  basic  program  activities  and 
time  period.  The  various  activities  and  results  achieved  are  described  below. 
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Figure  1  :  DEVELOPMENT  OF  PROTOTYPE  ADVANCED  SURFACING  SYSTEMS 
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2.2.1  MATERI  ALS  SELECTION  AND  VERIFICATION 

The  first  two  months  of  the  program  were  directed  toward  selecting  and  verifying 
by  test,  surfacing  materials  that  would  exhibit  several  specified  properties.  The 
basic  of  these  were:  (1)  the  ability  to  cure  in  not  more  than  60  minutes  at  100% 
relative  humidity  and  at  any  temperature  from  40°F  to  95°F;  and  (2)  minimum 
strengths  of  30,000  psi  in  flexure,  15, 000  psi  in  tension,  and  12,000  psi  in  shear. 
Strength  deviations  (standard)  were  not  to  exceed  25%  of  the  average  of  10  speci¬ 
mens.  Additional  defined  properties  were  in  regards  to  heat  distortion,  impact 
strength,  abrasion  resistance  and  absorption.  A  plan  was  prepared  per  Reference 
2  which  outlined  a  logical  flow  of  events  including  materials  selection,  laboratory 
testing,  field  testing  and  reporting.  Figure  2  illustrates  this  flow  of  events. 

Based  on  previous  experience  and  knowledge  gained  from  both  the  On- Fast  and 
Rapid-Site  programs,  it  was  possible  to  make  an  early  selection  of  candidate 
materials  with  reasonable  confidence  that  the  required  properties  could  be 
achieved.  These  materials  were  as  follows: 

Polyester  Reuin  -PPG  Industries  5000  SC19-143  and  Hooker  Chemical 
Durez  Division  26540 

Reinforcement  -  40  oz.  per  square  yard  woven  roving  with  2  oz.  per  square 
foot  chemically  bonded  chopped  strand  matting 

Catalyst  -  Noury  Corporation  40%  benzoyl  peroxide  emulsion  (S0046  Green) 

Promoter  -  Dimethyl  Aniline 

Solvent  -  Methylene  Chloride 

Satisfactory  cure  times  were  achieved.  Laminates  12  inches  x  12  inches  and  two 
pounds  per  square  foot  were  made  in  the  laboratory.  The  laminates  were  made 
from  each  of  the  resins  mentioned  above  and  were  made  both  with  and  without 
rolling.  In  general,  test  specimens  prepared  from  these  laminates  exhibited 
strengths  in  excess  of  those  required.  On  the  basis  of  these  satisfactory  labora¬ 
tory  specimens,  effort  proceeded  in  preparation  of  field  applied  surfacing  samples. 
Specimens  from  an  initial  series  of  field  applied  surfacing  exhibited  satisfactory 
strengths  with  the  exception  of  the  low  shear  value  obtained  when  using  the  Hooker 
26540  resin.  Samples  of  the  initial  field  applied  surfacing  were  sent  to  NCEL  for 
specimen  testing.  NCEL  test  results  showed  low  values  in  shear  for  specimens 
using  Hooker  26540  resin,  and  low  values  in  tension  and  shear  for  PPG  Industries 
5000  SC19-143  resin. 

A  second  series  of  field  applied  surfacing  samples  was  prepared.  Test  specimens 
prepared  from  this  second  series  exhibited  strengths  appreciably  above  the  stipu¬ 
lated  minimum  as  indicated  by  tests  performed  both  at  Boeing  and  NCEL,  Results 
of  tests  at  Boeing  are  shown  in  Table  1.  On  the  basis  of  these  latter  sL-ength 
results  and  achieving  the  other  required  properties  the  materials  were  verified  for 
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SURFACING  MATERIALS  VERIFICATION  FLOW  DIAGRAM 
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Table  1:  SUMMARY-  PANEL  STRENGTH  TEST  RESULTS 


Panel  with  Resin  26540 


Property 

Strength 

(psi) 

Deviation 

(psi) 

Flexure 

42,882 

4,679 

Tension 

20,572 

2,172 

Shear 

14,532 

842 

Panel  with  Resin  5000  SC  19-143 


Property 

Strength 

(psi) 

Deviation 

(psi) 

Flexure 

35,641 

4,576 

Tension 

16,166 

1,725 

Shear 

. 

14, 6Z 

632 
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2.2.2  OPERATIONAL  USAGE  STUDIES 

In  addition  to  the  materials  selection  and  verification,  the  early  portion  of  the 
program  was  devoted  to  preparing  operational  usage  studies  documented  per 
Reference  3.  These  studies  included  the  following. 

o  Surfacing  application  techniques  and  procedures 

o  Required  amount  of  new  development  required 

o  Logistics  aspects  of  equipment  and  materials 

o  Ideological  considerations 

o  Personnel  and  ancillary  equipment  requirements 

o  Construction  considerations  such  as  lapping,  expansion  joints  and  edge 
anchoring 

Results  of  the  studies  provided  the  baseline  for  system  primary  design  approaches. 
Rate  of  surfacing  was  a  critical  requirement;  10,000  square  feet  per  hour  for  the 
high  rate  system  and  2 ,000  square  feet  per  hour  for  the  low  rate  system.  There¬ 
fore,  particular  attention  was  given  to  vehicle  speeds,  materials  dispensing  rates, 
ancillary  equipment  deployment  and  personnel  activities  required  to  accomplish 
the  surfacing  rates.  Topical  areas  to  be  surfaced  were  hypothesized  such  as 
indicated  by  Figures  3  and  4.  Analyses,  including  "Time  Lines,"  were  made  to 
define  the  equipment  capabilities,  material  quantities  and  positioning,  and 
personnel  activities  involved  to  assure  meeting  the  surfacing  rates.  Results  of 
such  analyses  indicated  that  it  was  possible  to  achieve  the  surfacing  rates  without 
posing  unreasonable  burdens  on  equipment  or  personnel.  Ecological  aspects  and 
personnel  safety  considerations  associated  with  use  of  the  surfacing  materials  were 
also  thoroughly  investigated.  Results  of  the  investigations  indicated  that  no  pro¬ 
nounced  adverse  ecological  conditions  would  occur  if  care  was  exercised  in  disposal 
of  unused  materials;  also,  by  careful  operation  and  observing  prescribed  precau¬ 
tionary  safety  rules,  personnel  safety  would  not  be  jeopardized. 

In  general,  the  operational  usage  studies  proved  to  be  very  valuable  throughout 
the  development  and  test  portion  of  the  program.  They  served  as  a  baseline  for 
equipment  design,  test  planning  and  test  implementation.  Success  achieved  during 
surfacing  tests  and  demonstrations  was  due,  in  large  measure,  to  the  analyses 
made  during  the  studies,  and  established  their  validity. 

2.2.3  APPLICATION  EQUIPMENT  SYSTEMS  DEVELOPMENT 

Preliminary  design  of  both  the  high  rate  and  low  rate  application  equipment  was 
initiated  immediately  after  contract  award.  Design  proceeded  in  close  coordination 
with  the  surfacing  materials  selection  and  verification  and  the  operational  usage 
studies  due  to  the  critical  impact  of  the  je  on  the  basic  design.  The  preliminary 
design  effort  was  divided  into  two  phases  and  submittals  to  NCEL,  The  first  phase 
delinated  equipment  design  (Reference  4)  to  such  a  degree  that  after  review,  would 
enable  NCEL  to  grant  Hoeing  approval  to  procure  long  lead  items  from  suppliers. 
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Figure  3:  OPERA  TIONAL  ARRANGEMENT  -  HIGH  RA  TE  SYSTEM 
(100  FT  x  500  FT  AREA) 
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Figure  4 :  OPERA  TiONAL  ARRANGEMENT  -  LOW  RA  TE  SYSTEM 
(100  FT  x  120  FT  AREA) 
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2.2.3  APPLICATION  EQUIPMENT  SYSTEMS  DEVELOPMENT  (Cont) 

These  items  included  truck,  trailer,  crane,  and  liquid  dispensing  systems 
engines  and  pumps.  The  second  phase  (Reference  5)  completed  delineation  of 
design  and  after  review  and  resolution  of  some  questions,  NCEL  granted  approval 
to  proceed  with  system  final  design,  fabrication  and  assembly.  These  activities 
commenced  early  in  1972  and  were  completed  by  mid  1972. 

Fabrication  of  both  the  high  rate  and  low  rate  system  equipment  was  accomplished 
in  a  manufacturing  area  which  was  in  close  proximity  to  the  design  area  thus 
minimizing  coordination  and  liaison  effort.  No  exotic  manufacturing  techniques 
were  required  since  the  designs  specified  the  use  of  weldable  steels  and  aluminums. 
The  major  items  fabricated  at  Boeing  were  the  high  rate  system  support  structure 
which  mounts  on  the  trcuk,  fiberglass  support  structure,  surfacing  rollers 
assembly  and  the  low  rate  system  equipment  removable  pallet.  Additional  items 
included  liquid  containers,  plumbing  elements  and  miscellaneous  bracketry.  A 
large  portion  of  the  manufacturing  effort  wa  s  devoted  to  assembly,  installation 
and  check  out.  Figures  5  and  6  show  typical  fabrication  and  assembly  operations. 

Concurrent  with  the  above  activities,  extensive  liquid  dispensing  system  develop¬ 
ment  tests  and  evaluations  were  conducted  for  both  high  rate  and  low  rate  systems. 
Included  in  these  were  resin  pumps  performance  verification,  catalyst  and  promoter 
pumps  performance  verification  and  calibration,  res  in/ catalyst  and  resin/promoter 
blenders  selection  and  verification,  and  resin  spray  nozzles  selection  and  verifica¬ 
tion.  Also  included  were  tests  directed  toward  pumping  and  spraying  resin  having 
a  viscosity  of  1600  centipoises  (CPS).  Capability  to  accommodate  this  viscosity 
was  a  specific  contract  requirement.  Figure  7  shows  a  teat  being  conducted  to 
evaluate  spray  nozzles. 

Design,  fabrication  and  assembly  proceeded  in  a  satisfactory  manner  with  no 
significant  problems,  and  on  schedule.  The  long  lead  supplier  items  mentioned 
above  arrived  on  schedule  in  most  instances,  with  those  arriving  later  than  planned 
posing  no  overall  schedule  problems.  Early  check  out  of  these  items  verified  the 
expected  performance  and  presented  no  problems  relative  to  interfacing  with  Boeing 
fabricated  components.  One  exception  to  contract  specifications  was  the  inability 
to  provide  trailer  parking  brakes  meeting  the  requirements  of  MIL-M-008090E  due 
to  unavailability  of  components.  Therefore,  this  requirement  was  waived  for  the 
prototype  equipment  and  standard  brake  drums  were  supplied  in  lieu  of  brake  drums 
that  are  demountable  without  disturbing  the  wheel  bearings.  However,  adherence 
to  the  requirements  of  MIL-M-00809E  was  specified  on  the  procurement  drawings 
for  follow  on  production. 

Liquid  dispensing  system  development  tests  yielded  very  satisfactory  results  and 
were  in  general  accord  with  preceding  analyses.  The  resin,  catalyst,  and  promoter 
pumps  exhibited  reliable,  consistent  performance.  The  selected  blending  devices 
proved  effective.  Spray  nozzles  were  selected  which  accommodated  resin  over  the 
required  viscosity  range  of  80  CPS  to  1600  CPS. 
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Figure  5 :  TURRET-BOOM  A SSEMB L  Y 
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Figure  6 :  PROMO  TER  HOPPER  INST  A  LLA  TION 
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2.2.4  SYSTEMS  TESTS  AND  DEMONSTRATIONS 

The  program  required  several  tests  and  demonstrations  to  prove  specified  systems 
performance.  Included  in  these  were  liquid  systems  pressure  tests,  continuous 
operational  demonstrations,  surfacing  and  associated  tests,  and  mobility  demon¬ 
strations.  As  a  prelude  to  the  tests  and  demonstrations,  a  test  plan  (Reference  6) 
was  prepared.  As  required  by  contract,  the  plan  described  test  approaches, 
methods,  setups,  procedures  and  instrumentation.  Additional  detail  test  planning 
was  accomplished  relative  to  test  site  selection  and  construction  and  task  defini¬ 
tions.  A  team  of  operating  personnel  was  formed  and  ancillary  equipment  selected. 

The  tests  and  demonstration  commenced  in  early  July,  1972  and,  with  the  exception 
of  the  air  transportability  check,  were  completed  on  August  22,  1972.  The  air 
transportability  check  was  conducted  on  September  15,  1972. 

In  general,  the  tests  and  demonstrations  were  very  successful,  with  results  showing 
good  system  performance.  In  all  cases,  where  elapsed  times  were  criteria,  such 
as  the  surfacing  square  feet  per  hour,  cleaning,  and  preparation  for  usage,  the 
performance  exceeded  requirements.  During  demonstration  of  the  high  rate  system, 
10,500  square  feet  of  two  pounds  per  square  foot  surfacing  was  prepared  in  46 
minutes  by  nine  operating  personnel.  During  demonstration  of  the  low  rate  system, 
approximately  5,070  square  feet  of  two  pounds  per  square  foot  surfacing  was  pre¬ 
pared  in  2  hours  and  5  minutes  by  five  operating  personnel.  This  latter  rate  is 
equivalent  to  2,000  square  feet  in  50  minutes.  In  addition  to  these  timed  surfacing 
demonstrations,  untimed  surfacing  demonstrations  were  conducted.  During  these 
untimed  equipment  capability  demonstrations  approximately  10,000  square  feet  and 
5, 000  square  feet  of  additional  surfacing  wa3  applied  using  the  high  rate  and  low 
rate  equipment  systems  respectively.  All  surfacing  constructed  during  the  series 
of  tests  and  demonstrations  exhibited  good  cure,  a  generally  good  appearance,  and 
was  entirely  usable.  However,  some  wrinkling  did  occur  and  some  scuffing  was 
caused  by  the  rolling  equipment.  Figures  8  and  9  show  the  high  rate  and  low  rate 
systems  respectively  during  the  untimed  surfacing  tests. 

Some  relatively  minor  problems  and  failures  occurred  during  the  overall  test 
period.  Flexible  hoses  on  the  liquid  dispensing  systems  leaked  during  pressure 
testing  and  required  replacement.  A  structural  failure  occurred  on  the  high  rate 
system  rolling  equipment  and  required  redesign.  The  pump  drive  sprocket  chain 
on  the  low  rate  system  became  disconnected  at  the  end  fasteners  during  surfacing 
and  required  reconnection.  Other  minor  incidents  occurred  during  mobility 
demonstrations  and  are  described  in  detail  further  in  the  text. 

Subsequent  to  the  tests  and  demonstrations  described  above,  the  high  rate  and  low 
rate  application  equipment  was  refurbished  and  prepared  for  delivery  to  NCEL. 

Little  repair  was  required  as  a  result  of  tests  with  the  exception  of  the  rolling 
equipment  as  noted  in  the  previous  paragraph.  Refurbishment  was  confined 
principally  to  installation  of  minor  items,  cleaning  and  repainting.  A  check  of  the 
disassembly/ reassembly  requirements  for  air  transport  of  the  high  rate  system 
was  performed  during  the  refurbishment  period.  Time  required  to  perform  the 
disassembly /reassembly  was  within  the  one  hour  time  limits  specified. 
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Figure  8 :  HIGH  RA  TE  EQUIPMENT 


LOW  RATE  EQUIPMENT 


Figure  9 : 
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2.2.5  OPERATION  AND  MAINTENANCE  MANUALS 

The  contract  required  the  preparation  and  delivery  of  operation  and  maintenance 
manuals,  suitable  for  use  by  military  personnel,  for  both  the  high  rate  and  low 
rate  systems.  It  was  specified  that  these  manuals  should  describe  and  provide 
mixing  instructions  for  the  surfacing  materials,  the  normal  operating,  mainte¬ 
nance  and  repair  data  applicable  to  such  equipment,  and  recommended  spare 
parts  lists  with  prices. 

The  manuals  were  initially  prepared  such  that  pertinent  information  was  available 
and  the  degree  of  completeness  achieved,  as  necessary  to  support  tests  and 
demonstrations.  Subsequently,  draft  copies  were  submitted  to  NCEL  for  general 
information  purposes  prior  to  submittal  of  final  copies  of  the  manuals. 

2.2.6  DRAWINGS  AND  SPECIFICATIONS 

In  addition  to  the  normal  layout/design  drawings  and  specifications  required  for 
system  design  and  fabrication,  the  contract  specified  that  drawings  and  specifi¬ 
cations  for  follow  on  procurement  be  provided,  and  that  they  be  in  accordance 
with  Category  E,  Form  2  of  Military  Specification  MIL-D-1000.  Both  packages 
of  drawings  were  to  be  delivered  at  the  end  of  the  program.  Separate  drawing 
packages  were  prepared  for  the  high  rate  and  low  rate  equipment  systems.  Also, 
specifications  were  prepared  for  the  surfacing  materials  and  materials  packaging. 

The  layout/design  drawings  were  executed  on  vellum  for  reasons  of  expediency  and 
to  facilitate  making  changes  as  design  and  fabrication  progressed.  The  MIL-D-1000 
drawings  and  specifications  were  executed  on  mylar  with  emphasis  on  refinement, 
neatness,  and  consistency  in  drawing  practice.  The  MIL-D-1000  drawings  and 
specifications  submitted  to  NCEL  at  the  conclusion  of  the  progi'am  reflect  the 
design  changes  accomplished  and  thought  necessary  as  result  of  equipment  fabri¬ 
cation  and  testing. 

2.3  Conclusions 

The  selected  surfacing  materials  consisting  of  woven  roving  fiberglass  reinforce¬ 
ment,  polyester  resin,  benzoyl  peroxide -dimethyl  aniline  curing  system,  and 
methylene  chloride  solvent  provide  a  satisfactory  surfacing  materials  system. 
However,  a  liquid  catalyst  could  offer  advantages  over  the  emulsified  benzoyl- 
peroxide.  Also,  the  woven  roving  fiberglass  has  inherent  tendencies  to  wrinkle. 

The  materials  packaging  concept,  similar  to  that  employed  in  On- Fast,  is  suited 
for  military  operational  usage.  Design  of  the  resin  container  might  be  simplified 
by  employing  a  single  heavy  gage  plastic  liner  with  integral  shut  off  valve  in  lieu 
of  the  three  thin  plastic  liners  presently  used. 

The  high  rate  and  low  rate  prototype  application  equipment  systems  demonstrated 
overall  satisfactory  performance,  including  achieving  required  surfacing  rates, 
surfacing  versatility  and  mobility.  Satisfactory  surfacing  can  be  consistently 
attained  with  the  advanced  system.  However,  some  wrinkling  is  likely  to  occur, 
basically  due  to  directional  changes  occurring  during  glass  dispensing.  Wrinkling 
can  also  occur  when  dispensing  fiberglass  over  uneven  ground  surface.  Wrinkling 
is  also  caused  by  the  as  manufactured  configuration  of  the  fiberglass.  Based  on 
performance  of  the  prototype  advanced  surfacing  systems,  a  follow  on  production 
program  is  warranted. 


17 


0180-15124-1 


2.4  Recommendations 

o  Continue  development  of  a  liquid  catalyst 

o  Investigate  possible  simplification  and  improvement  of  the  resin  container 

o  Investigate  availability  of  fiberglass  reinforcement  which  reduces  surface 
wrinkling 

o  Implement  a  follow  on  production  advanced  surfacing  systems  program 
based  on  the  prototypes  and  considering  the  above  possible  improvements 
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3.0  DISCUSSION 


3.1  Background 

There  has  been  a  long  standing  need  by  the  military  for  an  expedient  material 
that  could  be  used  for  surfacing  or  other  construction  in  remote  areas  where  use 
of  conventional  materials  such  as  concrete  or  asphalt  is  not  feasible.  Require¬ 
ments  for  an  expedient  material  are  directly  related  to  the  Bare  Base  concept 
of  deployment.  Basic  characteristics  of  such  a  material  should  include  the 
following. 

o  Minimum  logistics  burden  in  transport  to  remote  areas 

o  Capable  of  rapid  emplacement  under  a  wide  range  of  environmental 
conditions  and  of  being  usable  in  minutes  after  emplacement 

o  High  strength  and  reasonable  durability 

o  Adaptable  to  a  wide  range  of  uses  such  as  roadways,  helicopter  pads, 
aircraft  aprons  and  taxiway s,  storage  and  transfer  areas,  revetments, 
soil  erosion  prevention,  and  water  containment  for  nonpotable  water 

o  As  low  in  cost  as  possible,  commensurate  with  other  requirements 

Several  types  of  expedient  surfacing  materials  have  been  developed,  placed  in 
inventory,  and  been  subjected  to  operational  evaluations.  Included  in  these  are 
woven  wire  matting,  plastic  trackways  and  metal  planking.  While  these  have 
exhibited  capability  to  carry  traffic  over  poor  subgrades,  they  have  tendencies 
to  fail  at  section  connectors,  with  the  intended  reuse  rendered  either  impractical 
or  impossible.  Cost  of  such  materials  is  high  and  construction  use  is  limited 
compared  to  on  site  fabricated  material  which  can  be  employed  for  many  uses 
such  as  revetment  covering,  erosion  prevention,  subgrade  sealing  and  water 
containment  in  addition  to  surfacing  for  vehicular  traffic. 

As  a  supplemental  or  replacement  material  for  the  prefabricated  sections 
mentioned  above,  on  site  fabricated,  rapid  curing  reinforced  plastics  have  shown 
great  promise.  Both  the  on  site  fabricated  On-Fast,  developed  for  the  U.  S. 

Marine  Corps  by  Boeing,  and  Rapid-Site,  developed  for  the  U. S.  Air  Force  by 
LTV,  employed  fiberglass  reinforced  polyester  resin.  Both  materials  were 
adaptable  to  a  wide  range  of  uses.  However,  both  the  On-Fast  and  Rapid-Site 
systems,  including  surfacing  materials  used  and  surfacing  application  equipment, 
were  limited  relative  to  desired  operational  requirements.  The  On-Fast  surfacing 
material  had  good  curing  characteristics  but  lacked  the  desired  directional  strength. 
The  Rapid-Site  surfacing  material  had  high  strength  but  cure  was  inhibited  by 
moisture  and  low  temperature.  Neither  the  On-Fast  nor  the  Rapid-Site  application 
equipment  had  the  degree  of  integration  and  the  surfacing  rate  capability  required 
for  operational  systems. 
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3.1  EACKGROUND  (Cont) 

As  «  further  step  toward  achieving  operational  systems,  the  Advanced  Surfacing 
Systems  Program  was  implemented  per  NCEL  Contract  N62399-71-C-0016.  The 
contract  specified  the  selection  and  verification  of  a  surfacing  materials  system 
which  reflected  the  requirements  for  high  strength  and  capability  to  cure  at  low 
temperature  and  in  the  presence  of  moisture.  The  contract  also  specified  the 
development  of  a  prototype  high  rate  and  a  low  rate  application  equipment  system. 
This  development  with  related  design  features  was  to  be  based  on  operational 
usage  studies.  In  addition  to  the  equipment  design,  fabrication,  tests  and  delivery 
associated  with  development;  the  contract  specified  compilation  and  delivery  of 
operation  and  maintenance  manuals,  drawings  and  specifications,  and  program 
reports. 

3.2  Materials  Selection  and  Verification 

The  selection  and  verification  of  surfacing  materials  for  use  in  the  Advanced 
Surfacing  Systems  was  based  on  a  review  of  the  materials  used  in  previously 
developed  surfacing  systems  (refer  to  Section  3. 1)  as  well  as  the  materials 
requirements  set  forth  in  NCEL  Contract  N62399-71-C-0016  (Reference  1). 

The  materials  selected  initially  for  testing  were  those  that  appeared  to  offer  a 
distinct  advantage  in  meeting  the  required  field  strengths  and  cure  times.  A  woven 
roving  reinforcement  such  as  that  used  in  the  Rapid-Site  system,  combined  with 
low  viscosity  polyester  resins  was  selected  in  order  to  achieve  minimum  field 
applied  surfacing  strength  requirements  of  30,000  psi  (flexure),  15,000  psi 
(tension),  and  12,000  psi  (shear).  The  resin  cviring  system  used  in  the  On- Fast 
system  (benzoyl  peroxide  catalyst  and  dimethyl -aniline  promoter)  was  selected 
in  order  to  obtain  a  maximum  field  cure  time  of  30  to  60  minutes  when  applying 
surfacing  at  any  relative  humidity  and  at  any  ambient  temperature  from  40°F 
to  95°F. 

In  addition  to  selecting  and  verifying  materials  for  the  Advanced  Surfacing  Systems, 
the  work  accomplished  and  results  obtained  during  this  portion  of  the  program  were 
coordinated  with  and  used  as  data  points  where  applicable  in  the  Operational  Usage 
Study  (Reference  3). 

3.2.1  SURFACING  MATERIALS  SELECTION 

Although  the  same  basic  materials  (i.e.  ,  polyester  resin  and  fiberglass  reinforce¬ 
ment)  form  the  basis  of  the  On-Fast  and  Rapid-Site  material  system,  neither 
material  system  as  defined  met  the  stated  performance  requirements  as  regards 
to  both  cure  time  and  strength.  While  the  On- Fast  material  system  is  capable  of 
rapid  cure  in  a  moist,  low  temperature  environment,  the  cured  surfacing  does 
not  possess  the  directional  strength  capability  of  the  Rapid-Site  material  system 
because  of  the  non-directional  chopped  strand  fiberglass  matting  used  for  the  rein¬ 
forcement  material.  Conversely,  the  Rapid-Site  material  system  does  not  cure 
under  cold,  wet  conditions  but  does  possess  better  directional  strength  than  the 
On-Fast  material  system  due  to  the  use  of  a  woven  roving  fiberglass  reinforcement 
material.  Because  of  these  known  properties  and  characteristics  of  existing 
material  systems,  the  following  were  selected  as  the  basis  for  the  surfacing 
materials. 


20 


D180-15 124-1 


3.2.1  SURFACING  MATERIALS  SELECTION  (Cont) 

o  Low  Viscosity  Resins—  PPG  Industries  5000  SC19-143  and/or  Hooker 
Chemical  Durez  Division  26540. 

o  Reinforcement— 40  oz  per  square  yard  woven  roving  with  18  oz  per 
square  yard  chemically  bonded  chopped  strand  matting. 

o  Promoter  and  Cataylst — Dimethyl  aniline  and  40%  Benzoyl  paroxide  emulsion 

o  Solvent — Methylene  Chloride 

3.2.1. 1  Curing  System 

To  initiate  polyester  resin  polymerization  at  ambient  temperatures,  two  curing 
systems  are  commonly  used  by  the  plastics  industry.  They  are  benzoyl  peroxide 
type  catalysts/dimethyl  aniline  promoter  which  was,  as  previously  noted,  used 
for  the  On- Fast  system  and  ketone  peroxide  type  catalyst/cobalt  napthenate 
promoter  which  was  used  in  the  Rapid-Site  system.  If  a  Blow  resin  gel  time  is 
desired,  the  ketone  peroxide  catalyst/cobalt  napthenate  promoter  system  is 
normally  used.  However,  both  catalyst/promoter  systems  can  be  used  to  rapidly 
gel  and  cure  polyester  reams  under  normal  room  temperature  and  humidity 
conditions. 

During  the  early  phases  of  the  On- Fast  program  Boeing  developed  a  screening 
test  to  evaluate  the  relative  effectiveness  of  resin  curing  systems  in  the  presence 
of  moisture.  The  results  consistently  obtained  from  this  test  show  that  environ¬ 
ment  has  a  marked  influence  on  the  degree  of  resin  cure  obtained  with  a  particular 
resin  curing  system;  and  that  the  ketone  peroxide  type  catalyst/ cobalt  napthenate 
promoter  curing  systems  are  not  an  effective  means  for  curing  polyester  resins, 
particularly  in  a  moist  low  temperature  environment. 

Therefore,  based  on  previous  experience  with  polyester  resin  curing  systems 
and  to  ensure  compliance  with  the  requirement  for  a  maximum  cure  time  of  30 
minutes  to  60  minutes  under  all  conditions  of  relative  humidity,  and  at  any 
temperature  ranging  from  40°F  to  95°F,  a  polyester  resin  curing  system  composed 
of  benzoyl  peroxide  catalyst  and  dimethyl  aniline  promoter  was  selected. 

The  benzoyl  peroxide  catalyst  is  an  emulsion  containing  40%  active  benzoyl  peroxide 
(BPO)  and  is  designated  by  the  manufacturer  (Noury  Chemical  Corporation)  as 
S0046  Green.  This  catalyst  material  has  been  extensively  laboratory  tested  and 
was  demonstrated  to  be  operational  during  the  1970  Camp  Pendleton  test  program 
(Reference  7).  This  catalyst  material  is  considered  the  replacement  of  the  pre¬ 
viously  used  On-Fast  material  system  catalyst  (U.S.  Peroxygen's  BZQ-30-128). 

The  dimethyl  aniline  promoter  used  to  initiate  decomposition  of  the  benzoyl 
peroxide  catalyst  during  resin  polymerization  is  commercially  available  from 
several  sources.  This  material,  with  viscosity  characteristics  similar  to  water, 
has  a  freezing  point  of  30.5°F.  The  dimethyl  aniline  is  malodorous  and  can 
present  a  health  hazard  1o  personnel. 
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3.2.1. 2  Reinforcement  and  Resin 

The  mechanical  strength  of  a  fiberglass  reinforced  polyester  resin  laminate 
depends  not  only  upon  the  amount  (volume)  of  reinforcement  but  also  the  arrange¬ 
ment  of  the  glass  strands  in  the  laminate.  A  polyester  resin  laminate  made  from 
chopped  strand  matting  has  equal  strength  in  all  directions  due  to  the  random 
arrangement  of  glass  fibers.  When  the  same  amount  of  glass  fibers  are  specifi¬ 
cally  oriented  such  as  in  a  two  directional  woven  roving,  then  the  laminate  will 
exhibit  equal  and  high  strengths  in  two  directions.  These  strengths  are  higher 
than  is  obtained  with  chopped  strand  matting.  To  obtain  the  maximum  effective¬ 
ness  of  a  given  amount  of  reinforcement  in  a  polyester  resin  laminate  it  is 
necessary  to  reduce  the  amount  of  voids  caused  by  air  entrapment.  This  may  be 
accomplished  by  rolling  or  otherwise  working  the  resin  into  and  throughout  the 
reinforcement. 

To  maintain  reinforcement  integrity  during  field  rolling  operations  and  before 
resin  cure,  a  fabric  type  reinforcement  such  as  woven  roving  rather  than  a  non- 
continuous  type  reinforcement  such  as  chopped  strand  matting  is  desirable.  To 
minimize  field  rolling  effort,  a  low  viscosity  resin  is  desirable  because  of  the 
relative  ease  with  which  a  low  viscosity  resin  will  penetrate  a  given  reinforcement 
as  compared  to  a  high  viscosity  resin.  This  is  particularly  true  when  a  reinforce¬ 
ment  such  as  woven  roving  is  used. 

Based  on  the  inherent  strength  of  this  type  of  reinforcement  a  composite  fiberglass 
matting  composed  of  40  oz  square  yard  of  woven  roving  and  18  oz  square  yard  of 
chopped  strand  matting  chemically  bonded  to  the  roving,  was  selected  as  the 
reinforcement  material.  11118  reinforcement  was  used  in  conjunction  with  low 
viscosity  resins  throughout  the  materials  verification  portion  of  the  program. 

3.2.1.3  Cleaning  Solvent 

Although  the  cleaning  solvent  is  not  one  of  the  surfacing  materials  it  is  directly 
related  to  them  and  accordingly  is  considered  part  of  the  overall  surfacing 
materials  system,  A  solvent  that  is  satisfactory  for  cleaning  and  flushing  all 
fluid  dispensing  systems  requires  careful  selection.  Solvents  such  as  acetone  or 
methyl  ethyl  ketone,  used  in  the  Rapid-Site  system  or  methylene  chloride,  used 
in  the  On-Fast  system,  perform  satisfactorily  as  regards  general  cleaning. 
However,  the  latter  is  nonflammable  whereas  acetone  and  methyl  ethyl  ketone  are 
flammable.  Therefore,  methylene  chloride  was  selected  because  of  its  satis¬ 
factory  performance  in  the  On- Fast  system  and  because  of  its  nonflammable 
characteristics. 
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3.2.2  SURFACING  MATERIAL  VERIFICATION 

To  verify  that  the  selected  surfacing  materials  would  meet  the  specified  curing, 
mechanical  and  physical  properties,  a  verification  procedure  (previously  shown 
in  Figure  2)  consisting  of  laboratory  and  field  testing  was  followed.  As  can  be 
seen  from  the  flow  diagram,  and  as  previously  discussed,  the  resin  curing  system 
(benzoyl  peroxide  catalyst/dimethyl  aniline  promoter)  fiberglass  reinforcement 
(40  oz  per  square  yard  woven  roving  with  18  oz  per  square  yard  chemically 
bonded  chopped  stranging  matting)  were  preselected  as  basic  items  for  the 
materials  verification.  The  fiberglass  reinforcement  used  throughout  the  veri¬ 
fication  procedure,  designated  as  MC4008-38-20  was  obtained  from  Hexcell  - 
Traverno  Division. 

TWo  low  viscosity  polyester  resin  were  selected  for  the  materials  verification. 

One  resin  (designated  26540)  was  obtained  from  Hooker  Chemical  Durez  Division 
and  the  other  (designated  5000  SC19-143)  was  obtained  from  PPG  Industries. 

These  particular  resin  manufacturers  were  chosen  because  of  their  previous 
work  in  surfacing  materials  for  the  Air  Force  Rapid -Site  and  U.  S.  Marine  Corps 
On-Fast  systems  respectively.  According  to  the  manufacturer,  resin  26540  is 
identical  (with  the  exception  of  being  non-promoted)  in  all  respects  to  resin  26992 
previously  demonstrated  as  a  satisfactory  surfacing  resin  and  will  exhibit  the 
same  mechanical  and  physical  properties  as  the  26992  resin. 

Resin  5000  SC19-143  was  submitted  as  a  low  viscosity,  high  strength  resin 
compatible  with  woven  roving. 

3.2.2.1  Laboratory  Testing 

laboratory  testing  was  accomplished  to  verify  the  material  systems  performance 
and  mechanical  properties.  This  testing  was  also  used  to  determine  the  material 
formulations  used  for  the  field  tests  and  as  an  initial  aid  in  sizing  application 
equipment  fluid  dispensing  system  components  and  to  provide  information  for  the 
operational  usage  study  (Reference  3).  The  following  laboratory  testing  was 
accomplished: 

o  Viscosity — Determine  effects  of  temperature  on  the  selected  fluids  to  aid 

in  component  sizing. 

o  Cup  Gel  Time  Tests — Determine  initial  catalyst  and  promoter  quantities 
necessary  to  formulate  resin  for  a  30  minute  to  60  minute  maximum  cure 
time  over  40°F  to  95°F  temperature  range. 

o  Environment  Curing  Test— Evaluate  the  effectiveness  of  the  initial  formu¬ 
lations  as  determined  from  the  cup  gel  time  tests  to  effect  a  30  minute  to 
60  minute  maximum  cure  time  under  various  conditions  of  temperature  and 
moisture. 

o  Resin  Casting  Tests — Perform  in  the  event  manufacturers  data  is  not  avail¬ 
able  to  substantiate  the  mechanical  and  physical  properties  required. 

o  Strength  Tests— Perform  laboratory  tests  of  the  selected  surfacing  materials 
to  initially  verify  the  strengths  required  for  flexure,  tension,  and  shear. 
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3.2.2. 1.1  Viscosity 

The  viscosity  of  polyester  resins  exhibit  a  marked  variation  with  temperature. 
Therefore,  to  properly  design  the  fluid  system  and  select  the  most  effective 
size  of  system  components,  it  was  considered  necessary  to  determine  the 
resin's  viscosity  variation  with  temperature. 

The  resin  viscosities  were  determined  in  a  manner  similar  to  the  "Standard 
Method  of  Test  for  Apparent  Viscosity  of  Plastisols  and  Organosols  at  Low  Shear 
Rates  by  Brookfield  Viscometer"  ASTM  D1824-66.  Fluid  viscosities  were 
measured  over  a  temperature  range  of  approximately  40CF  to  95°F.  Viscosities 
were  measured  at  2,  4,  10,  and  20  rpm  as  required  by  the  test  procedure. 

Table  2  presents  a  summary  of  the  seven  day  viscosity  measurements  obtained. 
These  results  were  obtained  using  a  Brookfield  (Model  RVF)  viscometer  equipped 
with  a  number  2  spindle. 

3.2.2.1.2  Cup  Gel  Time  Tests 

These  tests  were  performed  to  initially  determine  the  catalvst/promoter 
quantities  necessary  to  effect  resin  cure  over  the  stated  40°F  to  95°F  temperature 
range.  The  tests  were  conducted  using  resin  previously  conditioned  at  40°F, 
room  temperature  (R.  T. ),  and  95°F. 

Three  resin  samples,  100  grams  each,  were  weighed  for  each  res 'a,  catalyst, 
and  promoter  formulation.  The  catalyst  and  promoter  were  added  to  the  previ¬ 
ously  conditioned  resin  in  increments  of  percent  of  resin  weight.  After  mixing, 
the  samples  were  returned  fo  their  respective  temperature  environments.  The 
start  of  the  elapsed  time  was  considered  as  the  time  of  mixing  the  last  item  in 
the  formulation.  Gel  time  was  defined  as  the  time  the  resin  reaches  a  jello-like 
consistency.  Figures  10  and  11  show  the  results  obtained  for  the  cup  gel  time 
tests  for  26540  and  5000  SC19-143  resin  respectively.  As  can  be  seen  the  gel 
time  characteristics  of  each  resin  are  similar  for  a  given  material  temperature 
and  formulation. 

3.2.2.1.3  Environment  Curing  Tests 

This  test  was  developed  by  Boeing  as  a  technique  to  evaluate  the  effectiveness  of 
resin  curing  systems  under  various  conditions  of  temperature  and  moisture.  The 
test,  used  by  Boeing  for  the  past  five  years,  is  considered  an  effective  means  of 
comparing  the  degree  of  cure  obtained  when  using  various  material  formulations 
under  a  specific  environment.  Hie  material  formulations  shown  in  Table  3  were 
based  not  only  on  the  results  of  the  cup  gel  time  tests  but  also  on  observations 
made  during  these  tests.  These  observations  revealed  that  although  gel  time  of 
the  two  resins  was  approximately  equal  for  a  given  material  formulation  the 
5000  SC19-143  resin  appeared  to  reach  full  cure  considerably  faster  than  the 
26540  resin,  indicating  that  a  higher  concentration  of  catalyst  and/or  promoter 
would  be  required  to  obtain  the  same  degree  of  cure  for  the  26540  resin  in  the 
environmental  testing. 
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Rwin  -  Hooker  Chemical  —  26640 

Catalyst  -  Noury  Corp  -  S0046-Grean 
(40%  Benzoyl  Peroxide- BPO) 


Promoter  -  Dimethyl  Anilime  (DMA) 

PHR-  Parts  by  Weight  Per  100  Parts 

Resin  by  Weight 


Resin  Temperature  -  40°F 
Resin  Temperature  -  73°F 
Resin  Temperature  -  95°F 


Figure  10  :  RESIN 26540  GEL  TIME 
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Resin  -  PPG  Industrial  -  5000  SC  19-143 

Catalyst  -  Noury  Corp  -  S-0046,  Graen 
(40%  Banzoyl  Peroxida-BPO) 

Promoter  -  Dimethyl  Aniline  (DMA) 

PHR  -  Part*  by  Weight  per  100  Pam 
Retin  by  Waitfit: 

9  <  Resin  Temperature  -  4<)PF 

B—  ^3  Resin  Temperature-  71°F 
A— ——A  Retin  Temperature  -  95°F 


1.0PHR-8PO 


0.5  PHR-iPO 


1.0PHR— BPO 


2.0  PHR-8PO 


—  05  PHR— BPO 


0.25  PHR-BPO 


1.0PMR-BPO 


30 

Gel  Time  (Minutet) 


Figure  1 1 :  RESIN  5000 SCI 9- 143  GEL  TIME 
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Table  3:  SUMMARY  -  ENVIRONMENT  CURING  RESULTS 


Environment 

Reein  Formulation 

Shore  "D"  Reading  at  Time 

Moisture 

(Percent) 

Temp. 

(°F) 

Catalyst 

(BPO-PHR) 

Promoter 

(OMA-PHR) 

Rssin 

a5  Hr 

um 

24.0  Hr 

D 

1.5 

1.5 

O 

24 

37 

35 

mm 

5000 

SC  19-143 

35 

33 

39 

43 

72-73 

n 

as 

26540 

26 

35 

39 

39 

0 

5000 

SC  19-143 

36 

38 

38 

37 

95 

mm 

as 

21 

25 

33 

35 

H 

a2 

5000 

SC  19-143 

16 

25 

27 

24 

D 

1.5 

1.6 

6 

20 

D 

a 

5000 

SC  19-143 

17 

31 

38 

30 

10 

72-73 

D 

1.0 

26540 

7 

13 

15 

15 

0.5 

5000 

SC  19-143 

9 

a 

21 

95 

B 

as 

26540 

9 

12 

12 

12 

0.2 

5000 

SC  19143 

7 

11 

14 

14 

Notes:  1.  PHR 

2.  BPO 

3.  DMA 


=  Parts  by  Weight  per  100  Ports  Rssin  by  Weight 
*  Benzoyl  Peroxide  (1.0  PHR  BPO  =  2.5  PHR  S-0046  Catalyst) 
=  Dimethly  Aniline 


28 


D180-15 124-1 


3.2.2.1.3  Environment  Curing  Tests 

The  environment  curing  tests  were  conducted  as  follows:  Sand  contaii  ing  0, 
and  10  percent  moisture  by  weight  was  conditioned  to  40°F,  room  temperature 
(R.  T.  71-73°F)  and  95°F.  Resins  were  conditioned  at  40°F,  R.  T. ,  and  95°F 
respectively.  3,000  grams  of  the  conditioned  sand  was  placed  in  a  one  gallon 
cardboard  container  6-3/4  inches  in  diameter  and  the  surface  leveled.  100 
grams  of  the  conditioned,  formulated  resin  was  poured  on  the  surface.  The 
sand  and  resin  was  then  returned  to  the  respective  temperature  environment. 

At  intervals  of  1/2,  1,  3,  and  24  hours  after  specimen  preparation  Shore  "D" 
Hardness  readings  were  taken.  Three  samples  were  prepared  for  each  condition. 
The  Shore  "D"  readings  shown  in  Table  3  are  the  average  of  15  readings,  five 
readings  obtained  from  each  of  the  three  samples.  As  can  be  seen  from  Table  3, 
both  resins  are  affected  by  moisture  but  by  adjusting  the  quantity  of  promoter 
the  same  degree  of  cure  can  be  obtained  for  each  resin.  In  addition,  the  results 
indicate  that  the  26540  resin  is  more  sensitive  to  a  moist  environment. 

Although  considerable  variation  in  Shore  "D"  readings  was  obtained,  both  resins 
are  considered  to  have  cured  under  the  stated  environment.  The  degree  of  cure 
ranges  from  soft,  flexible  (Shore  "D"  11)  to  a  hard,  rigid  material  (Shore  "D" 

35). 

3.2.2. 1.4  Resin  Casting  Tests 

The  mechanical  and  physical  properties  of  the  cast  resins  are  presented  in 
Table  4.  This  information  was  requested  from  the  resin  manufacturers.  In  those 
instances  where  the  data  was  not  available  or  the  information  submitted  appeared 
incomplete,  additional  testing  was  accomplished  by  Boeing.  Hie  manufacturers' 
data  submittals  are  contained  in  the  Appendix. 

Both  resins  exhibited  less  than  the  required  6.  5%  minimum  value  for  tensile 
elongation.  Contact  with  responsible  personnel  of  Hooker  Chemical  and  PPG 
Industries  respectively  indicate  that  this  would  hot  be  detrimental  to  satisfactory 
field  performance  of  the  surfacing  materials.  The  26540  resin,  has,  as  previously 
stated,  the  same  mechanical  and  physical  properties  as  the  26992  resin  which  has 
been  demonstrated  as  satisfactory  in  the  Air  Force's  Rapid-Site  system.  The 
5000  SC19-143  resin,  submitted  for  low  viscosity,  high  strength  characteristics 
attains  these  properties,  according  to  the  manufacturer,  at  the  expense  of  flexi¬ 
bility.  In  development  of  the  U.S.  Marine  Corps'  On-Fast  system,  flexibility 
was  considered  important  because  of  the  relatively  low  glass  content  (approximately 
20%)  compared  to  40%  in  the  present  Advanced  Surfacing  Systems.  Since  the  low 
glass  content  of  the  On- Fast  System  precluded  high  strength  characteristics,  the 
property  of  high  elongation  before  failure  was  thought  necessary.  This  would 
allow  the  surfacing  to  accommodate  large  deflections  when  failure  of  the  subgrade 
occurred.  The  requirement  for  high  elongation  led  to  the  development  of  resin 
RS58-831  (PPG  Industries  designation).  Based  on  satisfactory  field  performance 
it  was  initially  selected  for  the  On-Fast  material  system  and  a  proposed  military 
specification  (Reference  3)  was  developed  that  defined  the  mechanical  and  physical 
properties  of  this  particular  resin. 
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Table  4:  MECHANICAL  AND  PHYSICAL  PROPERTIES 


Resin 

Federal 

Standard 

5000 

Property 

Test 

Method 

Required 

26640 

SC  19-143 

Tensile 

406-1011 

6.5% 

1.82% 

1.10% 

Elongation 

(Minimum) 

Heat  Distortion 

406-2011 

56°C 

66.5°C 

97°C 

°C  264  pel 

(Minimum) 

Impact  Strength 

406-1071 

ai  Ft-Lbs/ 

(0.493) 

0.374 

IZOD  Notch 

Inch  of  Notch 
(Minimum) 

Abrasion 

406-1091 

Milligrams 

Resistance 

of  Loas 

C-17  Wheel 

(Maximum) 

100  Cycles 

15 

(6) 

(4) 

500  Cycles 

75 

(63) 

(32) 

|<  **|  R* ' 

85 

106 

(73) 

-  • 

422 

(485) 

iM m*  a  * *  \\ 

770 

(868) 

Absorption 

406-7031 

■Ppfpi 

(24-Hour 

Immersion) 

Water 

(0.109) 

0.16 

Hydraulic  Fluid 
(MIL-H-5606) 

0.20 

(0.031) 

0.20 

Isopropyl 

Alcohl 

(TT-l-736) 

0.20 

(0.032) 

(0.003) 

Not*:  (  )  Indicates  Contractor  Accomplished 
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3.2.2. 1.4  Res'n  Casting  Tests  (Cont) 

Further  contact  with  knowledgeable  representatives  of  Hooker  Chemical,  PPG 
Industries  and  Dow  Chemical,  inspection  of  numerous  resin  manufacturers  data 
sheets,  and  research  of  plastic  handbooks  has  resulted  in  the  following  summary 
of  the  effect  that  flexibility,  as  indicated  by  resin  tensile  elongation,  has  on  the 
resultant  mechanical  and  physical  properties  of  both  the  cast  resin  and  resin 
fiberglass  laminate.  In  general,  as  the  tensile  elongation  of  the  resin  increases 
from  less  than  1%  to  approximately  2-1/2  -  3%,  compression  and  shear  strength 
decreases  while  flexure  and  tensile  strength  increases.  As  tensile  elongation 
increases  beyond  approximately  3-4%  total  physical  properties  (compression, 
shear,  flexure,  and  tension)  decrease. 

As  regards  fatigue  properties  of  reinforced  polyester  resins,  there  appears  to 
be  no  direct  method  of  equating  percent  tensile  elongation  to  fatigue  life.  It  has 
been  stated  that  better  fatigue  test  results  are  obtained  with  the  more  rigid  resins. 
Also,  that  reinforced  polyesters  may  be  loaded  to  approximately  50%  of  ultimate 
strength  for  short  term  service  (10^  -  108  cycles)  whereas  for  long  term  service 
(10?  -  108  cycles)  the  loading  must  be  reduced  to  approximately  25%  of  ultimate 
strength. 

In  addition  to  the  above,  available  information  indicates  that  the  degree  of  resin 
flexibility  generally  influences  the  properties  listed  below  as  follows. 

o  Abrasion  Resistance— Increasing  flexibility  results  in  decreasing 
resistance  to  abrasion 

o  Water  Absorption — Increasing  flexibility  results  in  increasing  water 
absorption 

o  Chemical  and  Weather  Resistance — Increasing  flexibility  results  in 
decreasing  resistance  to  chemicals  and  weathering 

o  Reactivity  (Cure  Rate)— Increasing  flexibility  decreases  rate  of  cure 
and  increases  sensitivity  to  temperature  change 

o  Environmental  Temperature  Resistance— Increasing  flexibility  increases 
sensitivity.  At  low  temperatures  flexible  resins  become  very  brittle 
while  at  elevated  temperatures  they  become  extremely  soft  and  lose 
almost  all  their  properties 

o  Impact  Strength— Increasing  flexibility  increases  impact  strength 

As  can  be  seen  from  Table  4,  resin  5000  SC19-143  meets  all  other  test  require¬ 
ments.  Results  for  resin  26540  show  less  than  the  required  resistance  to 
abrasion  at  1,000  cycles.  However,  it  should  be  noted  that  although  the  5000 
SC19-143  resin  meets  the  requirements  as  regards  milligrams  of  weight  lost 
for  the  number  of  cycles  specified,  it  appears  that  it  wears  at  a  faster  rate  than 
the  2G540  resin  as  evidenced  (Table  4)  by  a  comparison  of  the  milligrams  of 
weight  lost  for  each  resin  at  5,000  and  10,000  cycles  respectively. 
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3.2.2. 1 .5  Strength  T ests 

Prior  to  performing  the  field  applied  surfacing  material  tests,  the  selected 
surfacing  materials  were  used  to  prepare  12  inch  x  12  inch  panels.  These 
panels  were  used  to  obtain  strength  data  to  indicate  basic  strength  that  could  be 
achieved  under  laboratory  conditions.  In  addition  they  were  used  to  determine 
the  amount  of  rolling  required  for  the  field  applied  materials .  The  panels  were 
fabricated  at  a  planned  weight  of  2  pounds  per  square  foot  with  resin  content 
approximately  60%  by  weight.  Three  panels  were  fabricated  for  each  of  the  two 
resins  under  consideration.  Each  set  of  three  panels  were  constructed  as 
follows: 

o  One  panel  with  no  rolling 
o  One  panel  with  a  single  pass  of  a  roller 
o  One  panel  with  multiple  passes  of  a  roller 

Table  5  presents  a  summary  of  the  results  obtained  from  the  various  strength 
tests.  In  one  instance  the  required  strength  was  not  obtained;  occurring  with 
shear  specimens  cut  from  the  unrolled  26540  resin  panel.  Based  on  the  results 
obtained  from  the  laboratory  strength  tests  of  the  two  resins  it  was  decided  to 
prepare  both  rolled  and  unrolled  field  applied  surfacing  and  test  specimens  of 
each  condition. 

3.2.2.2  Field  Tests 

Field  applied  surfacing  sections  were  fabricated  from  both  the  26540  and 
5000  SCI 9-143  resin.  Materials  were  applied  over  a  cleared,  level  area 
(approximately  12  feet  by  12  feet)  having  adequate  subgrade  strength  to  allow 
rolling.  After  the  surfacing  materials  had  obtained  cure,  10  randomly  selected 
panels  of  sufficient  size  to  obtain  the  required  test  specimens  and  one  2-foot  x 
2 -foot  panel  were  cut  from  the  completed  surfacing. 

In  preparation  for  the  field  tests,  since  it  was  planned  to  use  the  manual  spray 
unit  (MSU),  flow  rates  of  the  26540  and  5000  SC19-143  resin  were  determined 
using  the  MSU  equipped  with  20  feet  of  resin  delivery  hose  and  resin  outputs  were 
determined  at  selected  engine  rpm  settings. 

In  conjunction  with  the  resii  flow  rate  determinations,  the  capability  to  field 
apply  low  temperature  resin  was  verified.  Both  rosins  26540  and  5000  SC19-143 
were  sprayed  at  a  material  temperature  of  39°  F  as  read  on  the  MSU  resin  line 
thermometer.  Resin  outputs  were  consistent  with  those  previously  determined 
and  no  resin  fan  angle  degradation  was  observed  during  the  low  temperature  resin 
spraying  tests. 


32 


D 180 -15 124-1 


Table  5:  SUMMARY  -  LABOR  A  TOR  Y  STRENGTH  TESTS 


Ratio 

Weight 
(Lbt  Par 

Sq.  Ft) 

Paroant 
Ratio 
(By  Wt) 

Ftatura 

(PSD 

Tantion 

(PSD 

Shear 

(PSD 

Remarks 

26540 

1.96 

62.4 

49.049 

22,096 

13,365 

Rolled  4  Times 

1.96 

61.9 

46,271 

21,969 

13,002 

Rotlad  1  Tima 

1.90 

61.6 

43.016 

20,632 

11,438 

Not  Rolled 

B 

2.01 

66.9 

36.136 

18,216 

13,534 

Rolled  4  Times 

2.03 

62.8 

37.614 

2Q282 

13,636 

Rolled  1  Time 

2.03 

63.7 

39.833 

17,301 

y  ;r 

Not  Rolled 
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3.2.2.2.1  Field  Applied  Surfacing— Resin  26540 

Prior  to  applying  the  surfacing  materials  a  small  12  inch  x  12  inch  panel 
(approximately  2  lbs/sq  ft)  was  fabricated  over  the  selected  subgrade  to  verify 
the  planned  resin  formulation.  This  panel  was  fabricated  by  pouring  and  single 
k-ss  rolling.  ITie  resin  was  formulated  with  1.0  PHR  active  benzoyl  peroxide. 

(2. 5  PHR  catalyst  emulsion)  and  0. 5  PHR  dimethyl  aniline  promoter.  Materials 
and  environment  temperatures  ranged  from  65°F  to  68°F.  Resin  gel  time  was 
approximately  20  minutes  and  was  considered  satisfactory  for  the  surfacing 
sections. 

Both  the  rolled  (single  pass)  and  unrolled  sections  of  the  surfacing  sections  were 
fabricated  using  the  MSU  to  dispense  the  liquid  materials.  After  cure,  ten 
randomly  selected  samples  were  cut  from  each  of  the  rolled  and  unrolled  sections. 
From  each  sample,  one  specimen  each  for  flexure,  tension,  and  shear  was 
obtained  and  tested  per  ASTM  Standard  test  methods  D-790-66,  D-638-68,  and 
D-732-42  respectively.  Average  values  and  deviations  were  computed  from  the 
following  formulas: 

10 

-  =  L.  <  x. 

X  10  1 

i  =  1 


x  =  xr,  x.,  and  x 
f  t  s 

S  =  Deviation 

In  addition  to  determining  the  strengths  and  deviations  of  the  rolled  and  unrolled 
sections,  five  specimens  each  for  flexure,  tension  and  shear  were  obtained  from 
the  12  inch  x  12  inch  panel  and  tested  as  described  above.  After  strength  testing  , 
the  resin  content  of  representative  specimens  was  determin  i  by  resin  burnout 
per  ASTM  D-2584-58,  "Standard  Method  of  Test  for  Ignition  Loss  of  Cured 
Reinforced  Resins. "  Table  6  presents  a  summary  of  the  strength  test  results. 

A  2  foot  x  2  foot  panel  was  obtained  from  the  surfacing  fabricated  by  applying 
the  resin  with  the  manual  spray  unit  and  rolled  with  a  single  pass  of  a  roller. 
Although  the  field  applied  26540  resin  surfacing  did  not  meet  the  stated  strength 
requirement  as  regards  shear,  the  2-foot  by  2 -foot  panel  was  submitted  for 
consideration  by  NCEL. 
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Table  6:  SUMMARY  -  STRENGTH  TEST  RESULTS  -  RESIN  26540 


Surfacing 

Section 

Retin 
Content 
(%  By 
Weight) 

Strengths 

(pel) 

Deviations 

(pel) 

Flexure 

Tension 

Shear 

Flexure 

Tension 

Shear 

Roilad 

62.5 

31,870 

17,124 

9,411 

5,813 

B 

1,170 

Unrolled 

63.7 

22,040 

15,911 

8,431 

mm 

1 

1,323 

12"  x  12" 
Panel 

56.9 

38,154 

12,113 

5,586 

1,177 
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12.2.2.2  Field  Applied  Surfacing— Resin  5000  SC  19-43 

Based  on  the  strength  tests  of  the  field  applied  26540  resin  it  was  decided  to 
prepare  rolled  (single  pass)  surfacing  sections  from  the  5000  SC19-143  resin  by 
using  both  the  manual  spray  unit  and  hand  application  (pouring)  to  dispense  the 
liquid  materials.  Resin  was  formulated  with  1.  0  PHR  benzoyl  peroxide  catalyst 
and  0.2  PHR  dimethyl  aniline  promoter.  Materials  and  environment  temperatures 
ranged  from  78° F  to  85°F.  A  satisfactory  resin  gel  time  of  approximately  17 
minutes  was  obtained. 

After  cure  10  random  samples  were  obtained  from  each  surfacing  section  and 
flexure,  tension,  and  shear  specimens  were  obtained  and  tested  as  previously 
described.  Table  7  presents  a  summary  of  these  strength  test  results.  A  2-foot 
by  2 -foot  panel  was  obtained  from  the  surfacing  fabricated  by  pouring  resin  and 
rolled  with  a  single  pass  of  a  roller  and  submitted  to  NCEL. 

3.2.2. 2. 3  Field  Applied  Surfacing— Second  Series 

Based  upon  test  data  received  from  NCEL  a  second  series  of  surfacing  sections 
were  constructed.  The  surfacing  sections,  fabricated  over  soil  at  an  approximate 
weight  of  2  lbs/sq  ft  were  composed  of  approximately  60%  resin  and  40%  fiberglass 
by  weight.  Sections  were  constructed  from  both  the  26540  and  5000  SC19-143 
resin.  All  sections  were  prepared  by  pouring  resin  and  rolled  with  two  passes  of 
a  roller.  All  resin  formulations  were  1. 0  PHR  active  benzoyl  peroxide  catalyst 
(2.  5  PHR  catalyst  emulsion)  and  0.2  PHR  dimethyl  aniline  promoter.  Resin  gel 
time  was  approximately  20-30  minutes.  After  cure  10  random  samples  were 
obtained  from  each  surfacing  section.  Flexure,  tension,  and  shear  specimens 
were  obtained  and  tested  as  previously  described.  A  summary  of  the  results 
obtained  has  previously  been  shown  in  Table  1.  Additionally,  2-foot  by  2-foot 
panels  were  obtained  from  the  surfacing  sections  and  submitted  to  NCEL. 

3.3  Operational  Usage  Study 

The  operational  usage  study  was  based  on  a  review  of  both  the  Marine  Corps 
On-Fast  and  Air  Forces  Rapid-Site  surfacing  systems  as  well  as  the  operational 
and  surfacing  requirements  set  forth  in  NCEL  Contract  N62399-71-C-0016  for  the 
Advanced  Surfacing  Systems.  The  overall  objective  of  the  study  was  to  define 
the  best  practical  surfacing  system  and  procedures  and  to  identify  anj  factors 
that  affect  system  usage. 

The  study  was  based  on  application  equipment  consisting  of  a  high  rate  self- 
propelled  surfacer  capable  of  applying  surfacing  at  a  rate  of  10,000  square  feet 
per  hour  and  a  low  rate  trailer  mounted  unit  employing  manual  application  techniques 
with  a  surfacing  capability  of  2,000  square  feet  per  hour.  The  high  rate  system 
configuration  includes  a  truck  mounted  liquid  and  fiberglass  dispensing  system 
which  simultaneously  applies  two  strips  of  fiberglass  and  deposits  the  proper 
amount  of  resin  on  to  the  fiberglass.  This  is  followed  with  a  separate  item  of 
equipment  to  roll  the  wet  surface  to  promote  thorough  saturation  of  the  mat  with 
resin.  The  low  rate  system  configuration  includes  a  trailer  mounted  liquid 
dispensing  system  which  is  used  to  apply  resin  from  a  hand  held  spray  bar  to  a 
strip  of  fiberglass  which  has  been  manually  emplaced.  The  wet  fiberglass  is  then 
rolled  manually. 
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Table  7:  SUMMARY  -  STRENGTH  TEST  RESULTS  - 
RESIN  5000  SC  19-143 


Surfacing 

Section 

Retin 
Content 
<%  By 
Weight) 

Strengths 

(pti) 

— 

Deviations 

(psi) 

Flexure 

Tension 

Shear 

Flexure 

Tension 

Shear 

Poured 

60.1 

41,789 

16,892 

13,890 

7,778 

2,737 

1,202 

Sprayed 

62.3 

28,779 

12,978 

10,249 

3,076 

1.812 
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3.3  OPERATIONAL  USAGE  STUDY  (Cent) 

The  surfacing  materials  used  for  the  study  are  those  previously  discussed 
(Section  3.2)  and  consists  of  a  composite  fiberglass  reinforcement  composed  of  a 
bottom  layer  of  woven  roving  with  an  overlay  of  chopped  strand  mat  in  conjunction 
with  a  low  viscosity  resin  and  utilizing  a  benzoyl  peroxide/dimethyl  aniline  curing 
system. 

3.3.1  OPERATIONAL  USAGE 

Prior  to  accomplishing  the  detailed  system  analysis  of  surfacing  operations 
conforming  to  the  specified  5  and  6  hour  continuous  surfacing  rates  for  the  high 
and  low  rate  equipment  systems  respectively,  operational  usage  of  the  system  was 
considered  for  varying  appl  .cations.  This  portion  of  the  study  was  also  necessary 
to  define  the  equipment  systems  required,  methods  of  surfacing  construction  to  be 
used,  transportation,  storage  and  handling  of  equipment  and  materials,  and  methods 
of  materials  dispensing  required  for  the  detailed  system  analysis.  Additionally, 
effects  of  the  surfacing  materials  on  the  ecology  were  considered. 

3.3.1. 1  System  Applications 

Usage  of  the  advanced  surfacing  systems  was  analyzed  based  on  the  applications 
listed  in  Table  8.  Since  the  various  surfaced  areas  will  vary  widely  in  size  with 
specific  applications,  no  dimensions  are  given.  For  such  applications  as  airfield 
surfacing  the  typical  area  will  be  large,  essentially  level,  and  must  withstand 
heavy  loads.  Such  an  area  is  ideally  suited  to  the  high  rate  surfacer.  For  erosion 
control,  water  containment  or  waterproofing  applications,  loading  will  generally  be 
low  and  widely  varying  conditions  of  terrain  slope  and  roughness,  soil  strength, 
and  area  shape  will  be  encountered.  Some  of  these,  such  as  small  or  irregularly 
shaped  areas,  surfacing  over  uneven  terrain,  or  surfacing  areas  accessible  only 
by  helicopter  or  current  STOL  aircraft,  can  be  done  economically  only  with  the 
low  rate  surfacing  equipment. 

Figure  12  provides  an  estimate  of  the  effect  of  surface  area  on  the  relative 
efficiency  of  the  high  and  low  rate  systems.  The  curves  are  based  upon  constant 
peak  surfacing  rates  with  a  fixed  time  required  to  prepare  the  equipment  for 
operation  and  a  fixed  time  to  prepare  the  equipment  for  transportation.  Non¬ 
productive  travel  time  of  4  hours  was  assumed  for  each  crew.  Materials  pre- 
positioning  time  was  includqd  for  areas  larger  than  7,000  square  feet  when  using 
the  low  rate  unit  and  areas  larger  than  16,000  square  feet  when  using  the  high  rate 
unit.  Materials  pre-positioning  for  smaller  areas  can  be  accomplished  concurrently 
with  equipment  preparation.  The  relationship  shown  in  Figure  12  indicates  a  break 
even  point  of  approximately  12,000  square  feet  above  which  the  high  rate  unit  appears 
more  efficient. 

When  specific  wheel  loads  and  subgrade  conditions  are  known,  the  procedures  for 
computing  site  thickness  contained  in  references  9  and  10  are  recommended. 

For  lightly  loaded  or  non-traffic  areas,  experience  with  the  On-Fast  system  indicates 
that  a  total  surfacing  weight  of  less  than  1.0  psf  is  adequate.  Based  on  that  experience 
.2  psf  reinforcement  with  sufficient  resin  for  saturation  is  believed  more  cost  effective. 
A  somewhat  greater  ratio  of  resin  to  glass  may  be  desirable  when  using  the  lightweight 
reinforcement,  particularly  where  waterproofing  is  necessary. 
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Table  8:  SURFACING  APPLICATIONS 


Usage 

Equipment  Required  on  Typical  Area 

1.  Airfield  Ramp  Parking 

High  nte  for  large  areas;  Low  rate  for  joints, 
fillets  and  irregular  areas. 

2.  Vehicle  Operation 

Either  unit  depending  on  size 

3.  Material  Storage 

Either  unit  depending  on  size 

4.  Vehicle  Parking 

Either  unit  depending  on  size 

5.  Helicopter  Pads 

Low  rata  for  single  pads; 

High  rate  for  multiple  pads 

6.  Floors 

Low  Rate 

7.  Sidewalks 

Low  Rate 

8.  Water  Containment 
(Inc  hi  das  ditches,  dike 
lining  and  basins.)  ~ 

o 

Low  Rate 

9.  Waterproofing 

(Includes  roofing,  revetment 
covert,  area  waterproofing, 
bunker  covers  and  similar 
uses.) 

Low  Rate 

Because  of  potential  toxicity,  water  which  hat  bean  in  contact  with  the  surfacing  material 
must  be  limited  to  industrial  use  only  and  not  for  human  consumption. 
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Low  Rate  System  Formula 
for  A  <  7000  Sq  Ft 

H  33.6  MH  +  (.0026A)  MH. 
for  A  >7000  Sq  Ft 

_ A _ 

R  ‘  33.6  MH  +  .0025A  MH  +  (A-7000)  .00071  MH 

High  Rate  Systam  Formula 

for  A  <  16,000  Sq  Ft 

'  52.5  MH  +  (.0008 A)  MH 

for  A  >  16,000  Sq  Ft 

p  _ _ A _ 

52.5  MH  +  .0009 A  MH  +  (A-16.000)  .00063  MH 


R  =  Surfacing  Rate  {Sq  Ft/MH) 
A  =  Surfaced  Area  (Sq  Ft) 

MH  *  Manhours 


33.6  MH  Term  Includes 

13.6  MH  for  Preparation 

&  Cleanup  +  20  MH  Travel. 


.0025 


.00071 


6  MH 
2000  Sq  Ft 

*(1.71  Hr)(5  Men) 

TWi - 


*  Ref  Figure  41 : 


52.5  MH  Includes  16.5  MH  for 
Preparation  &  Cleanup  + 

36  MH  Travel. 


.0008 


9  MH 

10,000  Sq.  Ft 


Figure  12 :  EFFECT  OF  SURFACE  AREA  ON  MANPOWER  EFFICIENCY 
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3.3.1. 1  System  Applications  (Cont) 

Where  loading  conditions  permit,  the  use  of  lightweight  reinforcement  is  also 
believed  to  offer  the  advantage  of  being  easier  to  saturate  on  steep  slopes  because 
there  is  less  resin  available  to  run  off  and  thinner  reinforcement  should  require 
less  time  for  wetout. 

There  are  some  uncertainties  however,  regarding  operations  utili7  g  lighter 
weight  reinforcement  and  applications  on  slopes.  Questionable  arei  „  that  r*.n  best 
be  investigated  through  follow-on  testing  include  adequacy  of  reinforcement  of 
approximately  .2  psf,  the  best  resin  to  glass  ratio,  and  the  desirability  of  rolling 
such  applications. 

3.3.1. 2  Construction  Methods 

Field  construction  methods  for  fabricating  end  to  end  and  side  to  side  joints,  edge 
anchoring,  and  expansion  joints  are  illustrated  in  Figures  13  through  16.  The 
staggered  end  to  end  joints  shown  in  Figure  13  are  more  convenient  than  aligned 
ends  when  using  the  high  rate  system  because  with  staggered  ends  the  resin  spray 
can  be  initiated  simultaneously  in  both  spraybars  and  left  on  throughout  the  surfacing 
pass,  then  simultaneously  terminated.  In  order  to  align  the  ends  a  short  section  of 
the  leading  fiberglass  roll  would  have  to  be  sprayed  before  securing  both  ends  and 
completing  the  pass.  This  would  involve  a  slight  time  and  convenience  penalty. 
Whichever  method  is  employed,  reinforcement  roll  lengths  should  be  as  uniform  as 
is  practical  to  avoid  unncessary  trimming  or  large  overlaps.  For  normal  side  to 
side  laps  where  1,  2,  3,  or  4  layers  are  applied,  Figure  14  is  applicable.  Experi¬ 
ence  during  field  and  laboratory  testing  indicates  a  minimum  nominal  lap  width  of 
6  inches  is  required  to  maintain  the  strength  of  the  surface  across  a  joint,  thus 
establishing  the  single  layer  arrangements.  For  the  two  layer  case,  the  arrange¬ 
ment  shown  in  Figure  14  is  considered  more  desirable  than  a  50%  lap  of  each  layer 
when  using  the  high  rate  equipment  because: 

1)  It  is  assumed  that  bonding  to  a  cured  surface  will  require  prewetting  the 
joint  area  and  a  smaller  lap  is  easier  to  wet  because  a  smaller  simpler 
adapter  on  the  spraybar  can  be  utilized. 

2)  Vehicle  eccentric  loading  is  lower. 

3)  Guidance  during  glass  application  is  easier  to  maintain  with  a 
narrower  lap  width. 

During  surfacing  with  the  low  rate  equipment  a  lap  of  50%  plus  6  inches  is  believed 
to  be  more  practical  because  when  applying  the  second  layer  with  a  full  lap,  as  in 
Figure  14,  access  would  be  limited  to  one  edge  of  the  mat  because  of  the  wet  bottom 
layer.  Maintaining  proper  alignment  would  probably  be  difficult  under  these 
conditions. 

For  the  three  layer  surface,  a  nominal  lap  width  of  2/3  the  roll  width  plus  2  inches 
will  provide  a  6 -inch  longitudinal  overlap  of  the  adjacent  edges  of  the  bottom  and  top 
layers  {first  and  fourth  respectively).  Though  this  may  require  a  large  prewet  area, 
it  allows  continuous  operation  without  the  need  to  change  the  fiberglass  arrangement 
on  the  equipment. 


\ 
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End  of  First  Pass 
Start  of  Second  Pass 


End  of  First  Pass 


Start  of  Second  Pass 


Thickest  Point,  5  Layers 


1.  Staggered  ends  remaining  at  the  end  of  a  strip  may  be  trimmed  or 
covered  with  an  edging  strip. 

2.  Surface  may,  if  desired,  be  started  with  the  ends  aligned,  however, 
fibergiaes  roll  length  variation  may  produce  staggered  runout  points. 

3.  Three  and  four  layer  surfaces  may  be  applied  similarly. 


Figure  13:  END  TO  END  LAP  CONSTRUCTION  WITH 
HIGH  RATE  SURF  ACER 
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D1 80-15 124-1 


Max.  Grader 


Method  1  -  Edging  Subject  to  Traffic 


Figure  IS:  EDGING  CONSTRUCTION 
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Surfacing 


Figure  16 :  POSSIBLE  EXPANSION  JOINT  CONSTRUCTION 
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3.3.1. 2  Construction  Methods  (Cont) 

For  the  4-layer  surface,  the  same  glass  arrangement  on  the  high  rate  equipment 
may  be  used  as  for  the  2 -layer  surface.  Using  an  overlap  on  each  pass  of  50% 
plus  6  inches  a  possible  local  buildup  of  up  to  8  layers  is  avoided  as  could  occur  if 
the  layers  were  stacked  directly.  During  normal  operations  it  is  expected  that  the 
surfacing  would  proceed  on  a  continuing  basis  and  that  the  previously  applied  surface 
would  not  have  cured  before  the  next  layer  is  applied.  This  would  preclude  the  need 
for  prewetting  the  lap  area.  During  operations  over  soft  soil  where  the  surfacing 
equipment  must  travel  on  previously  cured  surfacing,  or  when  other  reasons  prevent 
uncured  lap  joints,  prewetting  the  entire  joint  area  should  be  possible  for  the 
different  overlap  arrangements. 

Since  the  combination  of  cured  lap  joints  and  3  or  4  layer  surfacing  is  not  frequently 
expected  however,  the  prewetting  in  these  cases  may  be  accomplished  with  a  separate 
pass  depositing  a  light  resin  coat  through  one  spraybar  without  dispensing  fiberglass. 

In  nearly  all  surfacing  applications,  edge  anchoring  will  be  required  to  prevent 
wheel  or  wind  pickup.  Several  edge  configurations  have  been  field  tested.  Where 
the  edge  must  withstand  repeated  traffic,  a  configuration  with  a  beveled  or  rounded 
edge  as  shown  in  Mothod  1,  Figure  15  is  recommended.  This  has  been  tested  in 
helipad  construction  at  Camp  Pendleton  (Reference  7)  and  appears  to  withstand 
traffic  better  than  a  90°  fold.  This  method  also  reduces  crumbling  in  non-cohesive 
soils.  Where  edge  traffic  is  not  anticipated  and  crumbling  is  not  a  problem,  a 
sharp  edge  or  trench  should  be  adequate  and  could  reduce  the  disturbance  of  sur¬ 
rounding  soil  or  vegetation.  Since  testing  relative  to  edge  type  evaluation  has  been 
limited,  continued  evaluation  of  edging  methods  during  field  use  is  recommended. 

In  constructing  large  surface  areas,  thermal  expansion  and  contraction  must  be 
considered.  Past  experience  is  very  limited  but  indicates  that  surfaces  longer  than 
approximately  150  feet  in  length  may  require  expansion  joints.  Three  different 
types  of  expansion  joints  have  been  field  tested,  none  of  which  proved  successful. 
These  are  described  in  detail  in  Reference  7.  A  fiberglass  "U"  section  failed  under 
wheel  traffic  during  testing  and  a  cast  section  of  flexible  resin  failed  to  relieve  the 
expansion.  An  unbonded  shingle  lap  successfully  dissipated  the  expansion  and  held 
up  under  test  traffic  but  subsequently  failed  due  to  either  wind  or  wheel  action  lifting 
the  loose  end.  The  most  promising  methods  conceived  to  date  are  shown  in  Figure 
16.  Using  a  rubber  or  rubberized  fabric  strip  bonded  to  the  ends  of  the  joint,  seals 
the  surface  against  water  and  ties  the  ends  together  to  prevent  pickup  but  still  allows 
flexing.  The  Type  1  joint  is  the  simplest.  However,  other  methods  although  more 
difficult  to  fabricate  provide  better  load  support  across  the  joint.  Additional  investi¬ 
gation  is  needed  in  order  to  develop  successful  expansion  joints  and  to  determine 
under  what  conditions  expansion  joints  are  needed. 

3.3. 1.3  Transportation,  Storage  and  Handling 

hi  general  materials  shipped  to  adverse  weather  or  combat  areas  should  have 
Level  A  Military  Pack  in  accordance  with  MIL-STD-129.  All  steel  drums  (solvent, 
promoter,  catalyst)  should  be  protected  with  a  paint  system  that  will  withstand  the 
corrosive  effects  of  weather.  Weatherproof,  non-corrosive,  non-degradable  labels 
should  be  used  for  absolute  identification  of  contents. 
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3.3.1 .3  Transportation,  Storage  and  Handling  (Cont) 

o  Fiberglass --Packaged  fiberglass  does  not  present  any  known  hazards  or 

unique  requirements  during  tram porta t ion  and  handling  and  will  survive  in 
good  condition  any  storage  condi  .ions  that  the  packaging  will  withstand.  For 
long  term  storage,  the  packages  should  be  indoors  or  covered  to  keep  off  rain 
or  snow.  Handling  the  material  during  use,  particularly  when  cutting,  may 
cause  itching  or  irritation  of  the  skin.  Long  sleeved  clothing  changed  daily 
and  good  personal  hygiene  are  all  that  is  normally  required. 

Previous  fiberglass  shipments  to  RVN  were  in  accordance  with  MIL-STD-129 
Level  C  Pack.  This  was  found  inadequate  in  protecting  the  thin  polyethylene 
inner  liner  against  abrasion  and  subsequent  rupture  during  handling  and  shipping. 
Fiberglass  in  commercial  pack  would  require  SEA  VAN  shipment  with  door-to- 
door  delivery.  Fiberglass  destined  for  adverse  weather  or  combat  areas  should 
use  packaging  employing  an  inner  liner,  heavy  cushioning  and  a  moistureproof 
multiwall  barrier  to  prevent  abrasion  and  rupture  of  the  liner. 

o  Resin — Transportation  and  handling  of  polyester  resin  using  normal  good 

practice  should  present  no  problems.  However,  certain  precautions  should  be 
observed.  Any  containers  showing  evidence  of  leakage  should  not  be  transported 
in  closed  compartments.  Ventilation  of  ship  holds  or  railroad  cars  transporting 
resin  is  recommended.  Although  vapors  are  not  highly  toxic  and  the  effects  are 
usually  transient,  in  high  concentration  they  may  cause  headaches  and  dizziness; 
therefore  entering  closed  compartments  where  the  characteristic  odor  is  strong 
should  be  avoided.  The  styrene  in  the  resin  is  considered  dangerous  to  the  eyes 
and  irritating  to  the  skin.  Water  and  soap  should  be  available  for  washing  the 
skin  along  with  a  supply  of  water  for  flushing  the  eyes  in  case  of  direct  contact 
with  resin.  Prolonged  or  extensive  skin  contact  should  be  avoided.  Hie  material 
is  rated  as  moderately  flammable  Class  EH  by  the  National  Bureau  of  Underwriters, 
and  should  be  treated  accordingly. 

Resin  should  be  stored  in  a  cool,  well  ventilated  area.  Recommended  storage 
temperature  is  below  77°  F  for  maximum  lift.  Though  higher  temperatures  do 
not  have  any  immediate  effect,  the  shelf  life  of  the  resin  is  a  function  of  time 
and  temperature  with  the  degradation  taking  the  form  of  increased  viscosity. 

Exact  life  is  at  present  not  well  defined  and  additional  data  should  be  collected 
on  material  used  under  field  conditions.  When  using  stored  resin  and  other 
system  materials,  a  good  practice  would  be  to  use  the  oldest  material  first. 
Material  to  be  stored  outside  for  more  than  a  few  days  should  be  protected  from 
the  sun  when  temperatures  will  exceed  approximately  80°F.  Exposure  to  sunlight 
will  cause  resin  to  cure,  therefore,  open  containers  should  not  be  left  outside. 

The  plywood  resin  containers  such  as  previously  usrd  in  the  On-Fast  program 
and  planned  for  the  advanced  surfacing  system  are  designed  for  forklift  handling 
and  normal  good  handling  practices  are  required.  The  On-Fast  containers 
experienced  resin  lealtage  by  way  of  the  threads  on  the  bolts  used  to  secure  the 
resin  outlet  connector  fitting.  This  type  of  fitting  was  subsequently  modified  to 
provide  a  more  positive  seal  and  was  installed  in  the  plywood  resin  containers 
used  in  the  Advanced  Surfacing  Systems. 
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3.3.1. 3  Transportation,  Storage  and  Handling  (Cont) 

o  Catalyst — The  catalyst,  a  40%  active  benzoyl  peroxide  in  emulsion,  packaged 

in  lined  standard  55  gallon  containers,  does  not  present  any  unique  handling 
requirements.  Spills  of  the  material  should  be  promptly  cleaned  up  because 
spilled  material  that  has  dried  out  has  a  higher  than  normal  proportion  of 
benzoyl  peroxide  and  is  an  extreme  fire  hazard.  During  preparation  for  use 
the  material  may  require  mixing.  This  should  be  limited  to  mild  paddling 
action.  The  use  of  high  speed  mixing  equipment  could  cause  a  breakdown  of 
the  emulsion  and  cause  difficulty  in  pumping. 

Catalyst  should  be  stored  in  a  cool  well  ventilated  area  away  from  the  promoter, 
at  a  recommended  temperature  of  65  to  85° F.  The  catalyst  temperature  must 
not  be  permitted  to  exceed  100°F.  Should  this  occur,  a  degradation  of  the 
activity  will  result.  All  physiological  effects  have  not  been  determined.  How¬ 
ever,  the  material  is  irritating  to  the  eyes,  mucous  membranes  and  skin. 
Prolonged  or  extensive  skin  contact  should  be  avoided.  Water  and  soap  should 
be  available  when  catalyst  is  being  handled. 

o  Promoter — The  promoter,  dimethyl  aniline,  packaged  in  standard  30  gallon 

containers,  does  not  present  any  unique  handling  requirements.  Dimethyl 
aniline  is  however  the  most  toxic  of  the  materials  used.  The  material  is 
readily  absorbed  through  the  skin,  may  cause  serious  eye  damage  if  splashed 
in  the  eyes,  may  be  fatal  if  swallowed  and  breathing  the  vapors  is  hazardous. 
Rubber  gloves  and  a  face  mask  should  be  worn  when  direct  exposure  such  as 
opening  filled  lines  is  expected.  Water  for  flushing  exposed  skin  and  the  eyes 
should  be  available  at  all  times. 

Promoter  should  be  stored  in  an  area  away  from  the  catalyst.  No  unique 
storage  requirements  are  known.  The  material  freezes  at  36.  5°F.  However, 
aside  from  limiting  usage,  freezing  has  no  apparent  effect.  It  is  flammable 
when  heated  or  sprayed  and  the  vapors  resulting  from  a  fire  or  heating  are 
highly  toxic. 

o  Solvent — Methylene  chloride  as  packaged  in  standard  55  gallon  containers  does 

not  present  any  unique  transportation  or  handling  requirements.  The  solvent 
is  not  highly  toxic;  however,  it  is  dangerous  to  the  eyes  and  prolonged  contact 
with  the  skin  or  breathing  of  a  high  concentration  of  vapors  should  be  avoided. 
Though  not  flammable  under  normal  conditions,  the  material  breaks  down 
under  high  temperature  to  form  toxic  and  corrosive  gases.  The  material  will 
attack  most  paints  and  care  should  be  exercised  accordingly.  Because  of  its 
volatility,  care  is  required  to  prevent  frostbite  when  the  solvent  is  used  in 
cold  weather. 

The  solvent  should  be  stored  in  an  area  where  the  temperature  will  not  exceed 
120°F.  If  this  temperature  may  be  exceeded,  the  drums  should  have  the  bungs 
loosened  to  relieve  any  vapor  pressure  buildup.  Material  stored  outside  should 
be  protected  from  direct  sunlight  if  temperatures  will  exceed  approximately 
90°  F. 
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3.3. 1.3  Transportation,  Storage  and  Handling  (Cont)  : 

All  high  rate  equipment  required  to  dispense  and  roll  the  surfacing  can  be  carried 
on  the  respective  vehicles  which  when  arranged  for  transport  may  be  driven, 
transported  by  surface  or  transported  by  air  using  a  C130  or  larger  aircraft. 
Although  all  specific  requirements  had  not  been  developed  at  the  time  of  this 
study,  the  surfacing  equipment  did  not  present  any  unique  requirements  for 
handling  equipment  now  in  service.  Long  term  active  storage  should  be  inside 
and  generally  in  accordance  with  T.  0.  36-1-5  (Reference  11)  which  specifies 
exercise  at  30  day  intervals. 

The  low  rate  equipment  trailer  is  capable  of  being  towed  or  transported  by 
surface  or  air  using  a  C130  or  larger  aircraft.  With  the  exception  of  not  being 
self-propelled,  the  low  rate  dispensing  equipment  is  similar  to  the  high  rate 
equipment  and  the  same  comments  regarding  handling  and  storage  apply. 


3.3. 1.4  Material  Dispensing 

The  application  of  surfacing  under  all  specified  environmental  conditions,  requires 
the  addition  of  catalyst  and  promoter  to  the  resin  in  the  amounts  required  to  effect 
a  cure  in  less  than  one  hour  after  it  is  applied  to  the  fiberglass.  For  a  given  amount 
of  catalyst  and  promoter  the  material  cure  time  increases  as  the  ambient  temperature 
decreases;  and  for  a  given  temperature  the  material  cure  time  increases  as  the 
proportion  of  promoter  and/or  catalyst  decreases.  In  order  to  cover  the  required 
temperature  range  of  t40°F  to  +95° F  both  catalyst  and  promoter  proportioning  must 
be  variable.  This  can  be  accomplished  with  variable  delivery  metering  pumps.  For 
proper  resin  to  fiberglass  proportioning  the  resin  flow  and  vehicle  speed  must  be 
controllable.  This  can  be  accomplished  by  controlling  resin  pump  speed  and  vehicle 
travel  speed.  The  procedures  for  accomplishing  the  required  materials  dispensing 
control  are  explained  below  for  the  high  rate  system.  General  procedures  are : 

1)  For  a  given  surfacing  weight  per  square  foot,  determine  the  number  of  layers 
and  weight  per  square  foot  of  surfacing  constituents  required,  and  the  fiberglass 
width  and  placing  arrangement. 

2)  Determine  the  travel  speed  and  resin  flow  rate. 

3)  Determine  the  surfacer  engine  speed  and  transmission  setting. 

4)  Determine  catalyst  and  promoter  settings. 

Step  1--As  an  example  assume  that  the  required  surfacing  weight  is  2  Ib/sq  ft 
and  that  the  lap  arrangement  is  per  Figure  14  for  the  2  layer  surface,  and  that  the 
fiberglass  is  .4  lb/sq  ft,  6.5  ft  wide  Fabmat  C-4020.  This  then  determines  the 
fiberglass  spindle  and  spraybar  arrangement,  and  allows  setting  of  the  driver's 
alignment  guide. 
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3.3. 1.4  Material  Dispensing  (Cont) 

Step  2--Referring  to  Figure  17,  with  the  width  and  weight  of  glass  known  a  resin 
flow  of  76  GPM  at  100  ft/min  travel  speed  is  indicated.  Hie  vehicle  engine  speed 
and  transmission  settings  to  achieve  this  speed  may  be  determined  from  charts 
available  to  the  driver. 

When  surfacing  over  porous  soils  it  may  be  necessary  to  increase  the  amount  of 
resin  applied  to  the  fiberglass.  Quantitative  data  is  not  yet  available,  however 
if  it  is  desired  to  apply  resin  at  rates  different  from  the  .6  lb  per  square  foot  per 
layer  used  as  the  basis  for  Figure  17,  or  when  using  resins  of  a  different  density; 
different  ground  speed  versus  pumping  rate  curves  would  have  to  be  consulted. 

Using  the  example  above,  but  reduc  ng  the  travel  speed  to  80  ft  per  minute  would 
increase  the  liquid  coverage  weight  from  .60  lb  per  square  foot  to  .75  lb  per  square 
foot.  Liquid  output  may  also  be  independently  varied  but  the  amount  of  variation 
may  be  limited  by  the  nozzle  capauility  to  maintain  a  good  fan. 

Step  3 --Referring  to  Figure  18  for  a  required  flow  of  76  GPM,  the  surfacer  engine 
speed  should  be  either  1,730  or  2,750  rpm  depending  on  the  transmission  range 
selected. 

Step  4- -Requires  that  a  reference  temperature  on  which  to  base  the  metering 
pump  settings  be  known.  The  length  of  time  required  to  cure  is  affected  by  air, 
soil  and  resin  temperature,  sunlight,  and  moisture.  TTie  surface  air  temperature 
is  considered  most  relevant  for  selecting  a  starting  point.  However,  the  resin 
temperature  as  well  as  weather  conditions  should  be  taken  into  account.  On  warm 
sunny  days  or  if  the  resin  is  significantly  warmer  than  the  surface  temperature 
the  material  will  tend  to  gel  faster  and  promoter  and/or  catalyst  proportions  should 
be  slightly  reduced.  The  opposite  is  true  if  the  weather  is  cool  and  cloudy  or  the 
resin  is  cold.  Experience  with  the  system  will  enable  adequate  evaluation  of  these 
factors.  The  gel  time  should  occur  within  about  10  to  30  minutes  after  application 
to  allow  sufficient  time  for  rolling  the  surface  and  to  cure  early  enough  to  permit 
traffic  within  1  hour.  The  gel  time  should  be  checked  when  the  equipment  is 
initially  readied  for  use  and  should  be  adjusted  if  necessary  before  starting  the 
actual  surfacing. 

Referring  to  Figure  19  for  an  assumed  temperature  of  60°F  the  catalyst  pump 
should  be  set  to  either  60  or  90  and  the  promoter  pump  to  either  58  or  36 
respectively.  If  the  temperature  could  be  expected  to  rise  during  the  surfacing 
activities,  selecting  the  lower  catalyst  setting  would  be  logical.  Conversely  if 
the  temperature  could  be  expected  to  drop,  the  higher  catalyst  setting  should  be 
selected. 

Similar  procedures  would  be  required  using  the  low  rate  unit  except  that  the  resin 
is  distributed  manually  instead  of  through  regulation  of  the  vehicle  speed  as  with 
the  high  rate  unit. 

Hie  above  procedures  require  that  the  speed  of  the  resin,  promoter,  and  catalyst 
pumps  have  a  constant  ratio  at  all  times.  If  this  were  not  the  case,  a  separate 
chart  equivalent  to  Figure  19  would  be  required  for  each  change  in  speed  ratio 
between  the  resin  pump  and  the  metering  pumps. 
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Ffrjrc  17 :  RESIN  APPLICA  T/ON  RA  TES  FOR  VARIOUS  FIBERGLASS  WIDTHS 
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3.3.1. 4  Material  Dispensing  (Cont) 

Preliminary  requirements  for  liquid  materials  dispensing  and  liquid  densities  are 
shown  in  Tkble  9.  The  basis  for  the  values  in  Table  9  includes  60:40  liquid  to 
fiberglass  ratio  with  minimum  and  maximum  promoter  and  active  catalyst  pro¬ 
portions  of  .25  PHR  (parts  per  100  parts  rosin  by  weight)  and  1.5  PHR  respectively, 
and  provides  the  following  capabilities: 

The  maximum  resin  flow  rate  of  high  rate  equipment  is  that  required  to  simul¬ 
taneously  apply  two  strips  of  8  ft  wide  .4  Ib/sq  ft  fiberglass  at  a  vehicle  travel 
speed  of  100  ft/min.  The  minimum  rate  will  allow  application  of  a  single  5  ft 
wide  strip  of  .4  lb/sq  ft  fiberglass  at  120  ft  per  minute  or  two  strips  of  6. 5  ft 
wide  .4  lb/sq  ft  fiberglass  at  37  ft/min.  All  rates  are  based  on  a  nominal  60:40 
liquid  to  fiberglass  ratio.  Ibis  may  be  varied  by  changing  either  travel  speed  or 
pumping  rate. 

The  maximum  resin  flow  rate  of  low  rate  equipment  is  based  on  a  coverage  rate 
of  163  sq  ft/min  with  .4  lb/sq  ft  fiberglass  at  a  liquid  to  glass  ratio  of  60:40. 

The  minimum  flow  rate  will  allow  a  coverage  rate  as  low  as  70  sq  ft/min  with 
.4  lb/sq  fi  fiberglass. 

The  range  of  catalyst  and  promoter  variation  should  provide  for  a  10  to  30  minute 
gel  time  at  any  resin  flow  between  the  limits  stated  above  at  temperatures  from 
+40° F  to  +950  F. 

3.3.1. 5  Equipment  Development 

Past  research  and  development  conducted  relative  to  rapid  site  surface  preparation 
has  resulted  in  the  development  of  two  sets  of  surfacing  equipment.  Each  set 
consisting  of  a  somewhat  mechanized  high  rate  surfacer  and  a  low  rate  manual 
system.  One  set  of  equipment  developed  under  contracts  administered  by  the 
U.  S.  Marine  Corps  resulted  in  the  On- Fast  surfacing  system.  The  other  set  of 
equipment  developed  under  contracts  administered  by  the  U.S.  Air  Force  resulted 
in  the  Rapid-Site  surfacing  system. 

3.3.1. 5.1  On-Fast  Equipment  System 

The  On- Fast  equipment  system  is  composed  of  two  prime  items.  A  high  rate 
surfacer  and  a  low  rate  manual  spray  unit  (MSU).  Both  items  employ  three 
component  fluid  systems  (resin,  catalyst,  and  promoter)  with  chopped  strand 
fiberglass  mat  up  to  H-l/2  feet  wide  of  various  thicknesses  employed  as  reinforce¬ 
ments. 

The  surfacer  is  a  trailerized  unit  which  is  equipped  with  large,  low  pressure  tires 
enabling  travel  over  soft  sand.  It  blends  and  dispenses  catalyzed  and  promoted 
resin  through  separate  spraybars  at  a  rate  of  860  pounds  per  minute  (approximately 
90  GPM)  total  and  anplies  the  resin  to  the  11-1/2  ft  wide  strip  of  matting  which  is 
unrolled  ahead  of  tne  spraybars.  The  application  rate  is  controlled  by  adjusting 
the  towing  speed  which  is  displayed  to  the  tow  vehicle  driver  through  a  speed  sensor 
on  the  surfacer.  Resin  is  pumped  from  two  on -board  throwaway  containers  of  315 
gallons  each.  Benzoyl  peroxide  catalyst  and  dimethyl  aniline  promoter  are  drawn 
from  30  and  15  gallon  standard  size  steel  containers  respectively  and  metered  into 
the  resin  in  amounts  required  to  maintain  a  satisfactory  cure  time  under  varying 
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3.3. 1.5.1  On-Fast  Equipment  System  (Cont) 

environmental  conditions.  A  250  foot  long  strip  of  surfacing  may  be  completed 
without  recharge  of  liquids  or  matting.  The  surfacer  also  contains  a  cleaning 
system  consisting  of  a  55  gallon  drum  of  methylene  chloride  solvent  and  the 
necessary  pump  and  plumbing  to  clean  all  or  selected  sections  of  the  fluid  system. 

The  surfacer  weighs  approximately  13, 500  pounds  loaded  and  4,500  pounds  empty. 
During  operation  it  is  towed  by  a  bulldozer  or  tractor  at  speeds  ranging  from  40  ft 
per  minute  to  approximately  80  ft  per  minute.  Surfacing  operations  also  require 
a  rough  terrain  forklift  of  at  least  3,200  pounds  capacity  for  handling  resin,  glass, 
solvent,  and  catalyst.  No  specific  site  preparation  equipment  is  provided  as  part 
of  the  system.  However,  prior  to  surfacing  areas  such  as  helipads,  the  site  should 
be  graded  smooth  and  cleared  of  protruding  vegetation  utilizing  conventional  con¬ 
struction  equipment.  No  other  powered  equipment  is  required.  During  a  typical 
surfacing  task  a  nine  man  crew  is  adequate.  However,  the  addition  of  a  second  shift 
and  two  more  men  improves  productivity.  The  system  is  operable  under  cool  and 
wet  as  well  as  windy  conditions  since  the  curing  system  used  is  effective  in  the 
presence  of  moisture  and  the  fiberglass  matting  is  sprayed  with  resin  as  it  is 
unrolled  onto  the  ground. 

The  MSU  is  a  palletized  pumping  unit  that  utilizes  the  same  liquid  materials  as  the 
surfacer.  Catalyzed  and  promoted  resin  is  supplied  to  a  two  nozzle,  hand  held 
spray  gun  through  separate  flexible  hoses  at  a  rate  of  55  lb/min  total.  The  chopped 
strand  fiberglass  mat  of  various  widths  and  weights  is  laid  out  manually  prior  to 
wetting  with  resin. 

The  unit  weighs  approximately  945  pounds  and  may  be  positioned  on  a  truck  or 
trailer,  or  on  the  ground.  Resin,  catalyst,  promoter  and  solvent  are  normally 
supplied  to  the  machine  from  the  same  type  containers  used  with  the  surfacer. 

They  may  be  positioned  anywhere  within  reach  of  the  10  foot  supply  hoses,  provided 
the  liquid  level  is  initially  above  the  respective  pump  inlet  ports.  A  forklift  is 
normally  required  for  replacing  resin  and  catalyst  containers.  However,  a  separate 
supply  vehicle  can  be  positioned  within  each  of  the  supply  hoses  for  remote  site 
operations  if  desirable.  Site  preparation  requirements  are  generally  the  same  as 
for  the  surfacer  but  depend  to  some  degree  on  the  finished  surface  appearance 
required.  No  other  powered  equipment  is  required.  A  typical  surfacing  task 
requires  5  men;  one  machine  operator,  one  spray  gun  operator,  one  hose  handler, 
and  two  glass  handlers. 

3.3.1. 5.2  Rapid-Site  Equipment  System 

The  Rapid-Site  equipment  system  is  also  composed  of  two  prime  items,  the  high 
rate  Integrated  Spraying  System  (ISS)  and  a  lower  rate  unit  with  a  hand  held  spraybar 
called  the  Mini-System.  Both  applicators  employ  two  component  fluid  systems  (pi’e- 
promoted  resin  and  catalyst)  and  a  composition  woven  roving/chopped  strand  mat 
that  is  applied  in  a  separate  operation. 
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3.3. 1.5.2  Rapid-Site  Equipment  System  (Cont) 

The  ISS  consists  of  a  gasoline  engine  powered  pumping  unit  which  dispenses  pre¬ 
promoted  resin  and  catalyst  and  is  supported  by  four  resin  tank  trailers  of 
approximately  500  gallons  each,  two  tractor  mounted  glass  dispense r/rol?ers , 
a  trencher,  a  resin  transfer  pump,  a  roller  wash  tank,  a  portable  solvent  pump 
and  various  items  of  miscellaneous  support  equipment.  The  pumping  unit  is 
mounted  on  a  modified  commercial  truck  chassis  and  the  vehicle  speed  is  con¬ 
trolled  to  maintain  proper  application  rates.  The  tank  trailers  are  filled  from 
55  gallon  drums  using  a  resin  transfer  pump  and  are  then  connected  to  the  dispensing 
unit  as  needed  during  spraying  operations.  The  pumping  unit  applies  resin  and  cata¬ 
lyst  to  the  glass  through  separate  spray  nozzles  in  a  side  mounted  spraybar  assembly 
at  a  rate  of  20  GPM  or  as  an  alternate,  through  a  hand  held  spraybar  assembly  on  a 
flexible  hose  at  15  GPM.  The  catalyst  application  rate  is  variable  to  compensate  for 
a  range  of  ambient  temperatures.  T\vo  tractor  mounted  combination  glass  dispensers 
and  rollers  are  used  to  apply  and  roll  the  glass  at  a  rate  that  matches  the  resin 
dispenser.  Each  pass  of  the  roller/dispenser  applies  a  strip  of  glass  and  simultane¬ 
ously  rolls  a  portion  of  the  dry  glass  and  a  section  of  resin  wet  glass.  After  each 
pass  the  roller  must  be  washed  with  solvent  to  prevent  an  accumulation  of  cured 
resin. 

The  Rapid-Site  Mini-System  is  a  palletized,  gasoline  engine  powered,  pumping  unit 
that  utilizes  the  same  materials  as  the  ISS.  The  resin  and  catalyst  are  dispensed 
through  separate  spraybars  in  a  hand  held  applicator  at  the  end  of  a  flexible  hose. 

The  rate  of  application  is  controlled  by  operator  walking  speed.  Resin  is  drawn 
from  55  gallon  drums. 

The  fiberglass  mat  is  applied  manually  from  rolls.  After  it  has  been  wet  with 
rretfi  the  surface  is  manually  rolled  to  properly  saturate  the  malting  and  nr,  dure 
voids.  As  with  the  high  rate  equipment  the  catalyst  flow  rate  is  variable  to  provide 
an  acceptable  cure  time  with  varying  ambient  temperature. 

3.3. 1 .5.3  Advanced  Surfacing  Systems  Equipment  Development 

The  On- Fast  surfacer  though  capable  of  high  dispensing  rates  is  not  self-propelled 
and  is  not  capable  of  meeting  the  required  continuous  application  rate  of  10,000 
square  feet  per  hour.  The  manual  spray  unit  is  also  incapable  of  meeting  the 
required  2,000  square  feet  per  hour  application  rate.  The  unit  was  designed  to 
dispense  55  pounds  of  liquid  per  minute.  This  would  require  that  the  equipment  be 
dispensing  liquids  approximately  46  minutes  per  hour,  and  this  would  not  allow 
sufficient  time  for  other  required  tasks  such  as  glass  rollout,  unproductive  travel, 
and  switching  resin  containers. 

In  addition,  the  Advanced  Surfacing  Systems  involve  several  new  design  requirements 
such  as  night  lighting  provisions  and  -25°F  to  +125°F  equipment  operation  that  were 
not  considered  in  development  of  the  On-Fast  equipment. 

The  Rapid-Site  ISS  is  also  incapable  of  meeting  the  required  high  rate  application. 
Both  the  ISS  and  the  lower  rate  Mini-System  were  designed  to  use  a  two  component 
material  system  which  does  not  possess  the  required  curing  capability  over  a  wide 
temperature-moisture  range. 
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J.J.  1.5  J  Advanced  Surfacing  Systems  Equipment  Development  (Cont) 

Though  none  of  the  previously  described  systems  fulfills  all  i*equirements  of  the 
Advanced  Surfacing  Systems,  many  components  such  as  engines,  pumps,  valves, 
hoses,  gauges,  containers,  and  similar  items  have  been  successfully  used  with 
materials  similar  to  the  advanced  surfacing  system  materials.  Some  development 
testing  will  be  required  to  ensure  thorough  internal  and  external  blending  of 
ingredients,  to  ensure  proper  material  dispensing  rates,  to  define  field  application 
techniques  and  possibly  other  areas  unknown  at  this  time.  Ibis  is  considered 
normal  design  integration  practice  however  and  no  state-of-the-art  advances  will 
be  required. 

Crew  training  and  development  of  operating  procedures  that  will  enable  the  planned 
surfacing  rates  to  be  achieved  will  require  some  effort  after  the  systems  are 
placed  in  service.  This  could  probably  be  best  accomplished  through  full  scale 
surface  application  with  careful  preplanning,  observation  and  evaluation  of  the 
project.  Tables  10  and  11  present  a  summary  of  previously  developed  equipment 
system  items,  applicability  to,  and  new  developments  required  for  the  Advanced 
Surfacing  Systems  high  and  low  rate  equipment  respectively. 

3.3. 1.6  Ecological  Considerations 

Information  concerning  possible  harmful  effects  on  the  ecology  of  the  surfacing 
materials  including  fiberglass,  resin,  catalyst,  promoter  and  solvent  or  combi¬ 
nations  thereof  was  sought  from  material  suppliers,  available  literature,  the 
Washington  State  Department  of  Ecology,  the  Environmental  Protection  Agency 
and  the  Food  and  Drug  Administration.  A  complete  and  unqualified  answer  to  this 
question  would  require  extensive  testing  and  is  beyond  the  scope  of  this  study. 
Therefore,  the  information  presented  is  that  gleaned  from  analysis  of  data  obtained 
from  the  aforementioned  sources.  Nearly  all  information  in  this  field  is  concerned 
with  the  health  and  safety  of  personnel  and  though  indicative  of  ecological  effects, 
is  not  directly  applicable.  A  detailed  summary  of  the  ecological  impact  of  the 
surfacing  material  system  and  its  respective  components  may  be  found  in  Table  12, 

Fiberglass  reinforced  polyester  resin  when  properly  cured  does  not  appear  to 
present  any  serious  ecological  hazards.  Though  the  resin  deteriorates  under  ultra¬ 
violet  radiation,  the  decomposition  is  very  slow,  having  been  cited  as  about  1  mil 
per  year  under  southern  California  conditions.  Dimethyl  aniline  in  the  resin,  which 
in  the  free  slate  is  highly  toxic  to  humans,  is  not  believed* in  itself  to  be  cause  for 
alarm  when  employed  as  part  of  the  resin  system.  Polyester  resin  containing  up 
to  .  4%  N,  N-  Dimethyl  aniline  by  weight  of  cured  resin  may  be  safely  used  as 
articles  intended  for  repeated  use  in  contact  with  foods  (Reference  12).  Based  upon 
decomposition  of  cured  resin  containing  1.5%  dimethyl  aniline,  at  a  rate  of  .001 
inches  per  year  the  quantity  released  per  year  would  amount  to  approximately  .04 
pound  per  10,000  square  feet  of  surface  area.  However,  the  rate  of  decomposition, 
the  exact  substance  released,  and  the  effect  of  these  substances  may  vary  with  the 
type  of  resin  and  the  degree  of  cure.  The  ratio  of  curing  agents  and  the  degree  of 
cure  achieved  with  field  applied  surfacing  could  vary  considerably  from  the  types  of 
materials  previously  tested  for  toxicity.  Thus  there  could  be  an  adverse  effect  on 
water  quality  when  exposed  to  the  surfacing  material.  Therefore,  the  only  reliable 
means  of  determining  whether  the  material  in  question  is  harmful  is  to  test  it  under 
actual  or  simulated  conditions  of  application  and  use. 
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Table  10:  HIGH  RA  TE  SYSTEM  DEVELOPMENT  SUM  Mm  ft 
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Table  // :  LOW  RA  TE  SYSTEM  DEVELOPMENT  SUMMARY 
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Table  12:  ECOLOGICAL  IMPACT  (Sheet  1  of  3) 
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*TLV  =  Threshold  limit  values. 

Definition  per  Reference  13. 

Conditions  under  which  it  is  believed  that  nearly  ail  workers  may  be  repeatedly  exposed  day  after  day  without  adverse  effect.' 
Values  were  obtained  from  Reference  15. 


Table  12:  ECOLOGICAL  IMPACT  (Sheet  2  of  3) 


D180-15 124-1 


62 


Table  12:  ECOLOGICAL  IMPACT  (Sheet  3  of  3) 
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3.3.1. 6  Ecological  Considerations  (Cont) 

Considering  the  evidence  received  thus  far  and  the  fact  that  fiberglass  reinforced 
resin  is  in  widespread  use  in  such  applications  as  roofing,  swimming  pools,  boats, 
and  containers  used  in  performing  bio  assay  tests  by  the  Washington  State  Ecology 
Department,  it  is  considered  highly  probable  that  the  surfacing  is  harmless.  This 
should  be  verified  however  before  the  material  is  used  in  applications  where 
personnel  are  exposed  to  large  areas  for  long  duration  or  where  buildup  of  toxic 
materials  is  possible  such  as  in  potable  water  reservoirs  or  fabrication  of  buildings 
intended  for  human  habitation. 

The  effect  on  plant  and  animal  life  because  of  the  presence  of  surfacing  is 
considered  to  be  neither  more  nor  less  harmful  than  other  common  surfacing 
methods  such  as  concrete.  Most  plant  and  animal  life  would  probably  not  survive 
beneath  the  surface.  However,  the  material  may  be  cut  up  and  removed  with  no 
probable  lasting  effects  on  the  ecology.  Many  possible  applications  would  be 
beneficial  to  the  environment  through  soil  erosion  control,  or  containment  of 
harmful  wastes. 

During  application  and  curing  of  the  surfacing  the  local  air  qualify  is  adversely 
affected  by  the  giving  up  of  malodorous  and  toxic  vapors.  The  severity  is  generally 
greater  as  the  cure  is  accelerated  and  less  severe  but  of  longer  duration  as  the  cure 
time  is  lengthened.  The  composition  and  toxicity  of  the  vapors  is  not  known  but 
the  vapors  are  believed  to  be  chiefly  styrene.  Care  should  be  exercised  when 
applying  the  surfacing  to  avoid  breathing  heavy  concentrations  of  the  vapors  and 
to  avoid  conditions  where  the  vapors  would  drift  into  populated  areas.  Styrene 
vapors  are  hea\  Ler  than  air,  therefore  concentrations  could  build  up  in  low  areas. 
During  checkout,  surfacing  and  cleanup  operations,  uncombined  resin,  promoter 
and  catalyst  should  be  contained  and  either  combined  in  cured  resin  or  disposed 
of  by  acceptable  methods  recommended  by  chemical  disposal  specialists. 

Spillage  or  leakage  of  polyester  resin  is  not  considered  a  severe  ecological 
hazard  u  der  normal  circumstances,  since  the  material  is  not  highly  volatile 
and  will  *.  ventuaily  cure.  The  styrene  which  comprises  30  to  50%  of  the  resin  is 
moderate-  v  toxic  when  ingested,  inhaled,  or  as  a  skin  irritant,  and  is  harmful 
to  the  eyes.  Spills  constitute  a  moderate  fire  and  explosion  hazard  and  the 
heated  material  emits  acrid  fumes.  Outdoor  spills  may  be  cured  in  a  short  time 
by  adding  appropriate  amounts  of  promoter  (not  to  exceed  1%  by  weight  of  resin) 
and  catalyst  (not  to  exceed  2. 5%  catalyst  emulsion  by  weight  of  resin)  after  which 
the  cured  material  may  be  disposed  of  as  solid  waste.  Spills  or  leaks  in  a  confined 
area  can  cause  an  unacceptably  high  concentration  of  styrene  vapors  with  attendant 
explosion  and  toxicity  hazards.  Therefore,  adequate  ventilation  is  required 
before  working  in  the  area.  Spilled  resin  may  be  absorbed  in  various  suitable 
substances,  such  as  floor  sweeping  compound,  for  convenient  removal.  Spills 
which  could  find  their  way  into  a  waterway  should  be  immediately  cleaned  up.  The 
effect  on  aquatic  life  is  not  known;  however,  the  material  should  be  considered 
harmful. 
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3.3. 1.6  Ecological  Considerations  (Cont) 

TTie  principal  ingredients  in  the  catalyst  are  benzoyl  peroxide,  a  solid  at  room 
temperature  and  a  carrier  liquid  of  low  toxicity.  Benzoyl  peroxide  is  an 
oxidizing  material  and  is  not  soluble  in  water.  In  the  pure  state  it  is  explosive 
and  sensitive  to  shock,  heat  and  friction;  however,  as  formulated  for  use  it  is 
relatively  safe.  Catalyst  spills  if  not  promptly  cleaned  up  constitute  a  fire  and 
explosion  hazard  which  worsens  as  the  material  dries  out.  Catalyst  may  be 
disposed  of  by  combining  the  catalyst  with  a  quantity  of  promoted  resin,  then 
disposing  of  the  resultant  material  as  solid  waste.  An  alternate  method  of 
disposal  is  to  burn  the  catalyst.  If  waste  catalyst  material  is  disposed  of  by 
burning,  a  dense  black  smoke  is  produced  to  the  detriment  of  air  quality.  All 
physiological  effects  of  the  catalyst  are  not  known.  Benzoyl  peroxide  is  treated 
in  References  13  and  14  with  no  mention  of  high  toxicity.  However,  the  material 
may  be  harmful  to  the  eyes,  mucous  membranes  and  skin.  Insidious  hazards  to 
water,  air,  or  life  systems  from  residual  material  or  small  spills  is  considered 
only  remotely  possible. 

Dimethyl  Aniline  (DMA)  is  toxic  to  animal  life.  It  is  readily  absorbed  through  the 
skin,  hazardous  to  the  eyes,  may  be  fatal  if  swallowed,  and  breathing  the  vapors 
is  hazardous.  Spills  or  leaks  of  the  material  may  therefore  adversely  affect  air 
quality  and  the  health  of  personnel  exposed  to  the  material.  It  is  reported  to  be 
insoluble  in  water;  however,  it  could  break  down  into  a  soluble  though  still  toxic 
substance  and  degrade  water  quality.  Edible  plants  growing  in  contaminated  soil 
might  also  pass  the  material  on  with  unknown  effects. 

Procedures  employed  in  using  the  material  should  therefore  place  heavy  emphasis 
on  the  following; 

1)  Not  allowing  free  DMA  to  be  spilled  or  discarded. 

2)  Prompt  removal  of  DMA  from  the  skin  or  clothing  of  personnel.  Spills 

on  the  skin  should  be  washed  off  promptly  with  soap  and  water.  Contaminated 
clothing,  shoes,  etc. ,  should  be  laundered  before  reuse.  Spills  in  the  eye 
should  be  treated  by  immediate  copious  flushing  of  the  eye  with  water  for  at 
least  15  minutes,  after  which  a  physician  should  be  consulted.  Protective 
rubber  or  vinyl  clothing  and  boots  are  recommended  as  are  splash  proof 
goggles  for  personnel  liable  to  direct  contact  with  DMA. 

3)  Cleanup  or  deactivation  of  spilled  DMA.  DMA  may  be  combined  with 
catalyzed  resin  and  the  resultant  material  treated  as  solid  waste.  Alternate 
method  of  cleanup  is  to  cover  the  spill  with  an  inert  oil  absorbing  material; 
sweep  up  and  place  in  a  plainly  marked  waste  disposal  container  and  buried. 

The  cleaned  area  should  be  flushed  with  plenty  of  water. 

The  vapor  pressure  of  DMA  is  quite  low,  1  MM  of  mercury  at  85°F  as  opposed  to 
31  MM  for  water  at  the  same  temperature.  Though  outdoor  spills  would,  as  a 
consequence,  probably  not  result  in  highly  toxic  concentrations,  plenty  of  ventilation 
should  be  provided  when  spills  or  leakage  occur  ;nside  a  building  or  other  enclosure. 
An  extreme  hazard  would  result  also  from  a  fire  involving  DMA  where  large  quanti- 
>f  toxic  fumes  might  be  generated.  The  maximum  allowable  concentration  for  day 
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3.3. 1.6  Ecological  Considerations  (Cont) 

after  day  exposure  given  in  Reference  15  is  5  PPM  by  volume  in  air  with 
maximum  excursions  to  10  PPM.  Hie  greatest  hazard  to  personnel  is  probably 
froui  untrained  personnel  disregarding  spills  or  splashes  of  the  material  on  shoes 
or  clothing.  Per  Reference  16,  persons  addicted  to  alcohol  should  not  be  assigned 
to  jobs  involving  possible  exposure  to  aniline.  The  physiological  action  of  DMA  is. 
according  to  Reference  13,  similar  to  aniline  although  it  is  believed  to  be  more 
toxic.  The  recommended  maximum  daily  exposure  given  in  Reference  13  for 
aniline  is  the  same  as  for  DMA.  A  maximum  allowalbe  aniline  concentration  in 
potable  water  supplies  of  5  PPM  has  been  given  as  found  in  Reference  15.  To 
minimize  the  hazards  to  the  health  of  personnel  and  to  other  animal  life  the 
standard  operating  procedures  should  include  the  following: 

1)  DMA  containers  should  be  emptied  and  appropriate  precautions  taken  such  as 
smashing  or  otherwise  destroying  the  containers  to  prevent  any  reuse. 

2)  Unusable  DMA  shouiu  be  properly  disposed  of.  One  possible  method  is 
to  combine  the  DMA  with  catalyzed  resin  which  may  then  be  buried. 

Promoter  and  catalyst  emulsion  each  should  not  exceed  1%  and  2. 5% 
respectively  by  weight  of  resin  to  avoid  excessive  vapors  from  heat. 

3)  All  personnel  should  be  instructed  in  the  hazards  of  DMA,  precautions 
to  be  observed,  symptoms  of  overexposure,  and  action  required  in  the 
event  of  accidental  contact. 

Fiberglass  does  not  appear  to  present  an  ecological  hazard.  Though  it  causes 
itching  and  irritation  of  the  skin  of  personnel  handling  the  material,  with 
continued  use,  most  workers  become  hardened  to  it  and  the  temporary  itching, 
redness  or  swelling  subsides.  Experience  with  the  On- Fast  system  has  not 
revealed  any  tendency  for  animals  to  ingest  or  use  the  material  for  nesting. 

Since  all  fiberglass  except  occasional  small  patches  will  normally  be  coated 
with  resin  this  should  not  be  a  severe  problem  even  if  small  animals  were 
attracted  to  the  material. 

Methylene  chloride  solvent  is  used  to  flush  the  resin,  catalyst  and  promoter 
systems.  It  is  highly  volatile  and  the  vapors  are  not  highly  toxic  therefore  spilled 
solvent  should  not  have  any  profound  or  lingering  effect  on  the  ecology.  It  is  a 
moderate  hazard  to  personnel  health.  Breathing  the  vapors  induces  anesthesia 
and  vapors  may  also  cause  irritation  of  the  eyes  and  respiratory  tract.  The  liquid 
is  irritating  to  the  eyes  and  may  cause  skin  burns  if  held  in  contact  with  the  skin 
by  clothing  or  other  means.  Frostbite  is  also  a  possibility  in  cool  windy  weather 
because  of  the  high  rate  of  evaporation.  Waste  material  may  be  disposed  of  by 
pouring  it  on  dry  earth  away  from  occupied  areas  and  allowing  it  to  evaporate. 
Solvent  should  not  be  disposed  of  in  ponds  or  puddles  of  water  since  it  is  heavier 
than  water  and  will  sink  to  the  bottom.  The  resultant  layer  of  water  on  top  of  the 
solvent  will  prevent  it  from  evaporating. 
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3.2.2  SYSTEM  ANALYSIS 

In  order  to  analyze  the  operation  of  the  high  rate  and  xow  rate  surfacing  equipment, 
respective  areas  100  feet  by  500  feet  and  100  feet  by  120  feet  consisting  of  2  lb/sq  ft 
surfacing  were  selected.  These  sizes  coincide  with  the  respective  5-  and  6-hour 
continuous  surfacing  rates  and  are  compatible  with  the  anticipated  glass  roll  lengths. 
Good  weather  and  smooth,  firm  terrain  with  suitable  areas  for  materials  handling 
and  disposal  of  debris  were  assumed.  Using  these  areas  as  baselines,  variations 
which  affect  the  design,  operation,  or  ancillary  equipment  requirements  were 
considered  including  such  factors  as  different  sized  areas,  soft  or  uneven  terrain, 
different  material  module  sizes  and  inclement  weather. 

3.3.2. 1  Site  Planning 

For  efficient  use  of  the  surfacing  system,  some  operational  planning  is  required 
before  starting  the  surfacing.  Assuming  that  a  usage  and  a  site  have  been 
established,  the  following  tasks  are  generally  required,  with  the  degree  of  detail 
varying  for  different  field  situations. 

1)  Determine  soil  characteristics 

2)  Establish  surfacing  weights  and  areas 

3)  Perform  site  preparation  as  required 

4)  Compute  material  quantities 

5)  List  materials,  equipment,  and  personnel  required 

6)  Determine  operating  procedures  including: 

a)  Surfacing  sequence 

b)  Materials  handling  arrangement 

c)  Construction  techniques 

Sections  IV,  V,  and  VI  in  Reference  10  provide  the  best  known  means  of  relating 
soil  conditions  to  site  size  and  surfacing  weight  required  for  various  wheel  loads 
and  downwash  environments.  For  those  light  load  applications  where  load  carrying 
is  not  the  prime  requirement,  surface  thicknesses  less  than  1  lb/sq  ft  should  be 
considered. 

The  amount  of  site  preparation  required  is  variable  depending  on  specific  field 
conditions  and  the  desired  end  product.  The  area  prior  to  surfacing  should  be 
free  of  vegetation  or  rocks  protruding  more  than  about  3/4  inch.  Abrupt  projections 
or  depressions  should  be  cut  or  filled  to  prevent  resin  runoff  or  puddling.  Since  an 
uneven  surface  may  cause  local  areas  of  light  and  heavy  resin  content  as  well  as 
wrinkles,  uneven  lap  widths,  and  a  generally  rough  appearance,  the  soil  should, 
where  possible,  be  of  uniform  density  and  the  surface  levelled  by  a  grader. 
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3.3.2.1  Site  Planning  (Cont) 

For  most  efficient  operation,  the  site,  including  all  equipment  traffic  areas, 
should  be  reasonably  level  and  capable  of  withstanding  the  loading  imposed  by  the 
surfacing  equipment  and  associated  ancillary  equipment  without  requiring  planking 
or  matting. 

With  the  surface  area,  weight  and  configuration  established,  the  materials  may  be 
estimated  based  on  a  nominal  60:40  resin  to  glass  ratio  and  a  promoter/catalyst 
versus  temperature  schedule  in  accordance  with  the  equipment  operating  instruc¬ 
tions.  However,  porous  or  loose  soil  may  require  higher  resin  ratios. 

Material  estimates  should  make  allowances  for  overspray,  cleanup,  residual,  and 
checkout  losses  of  liquids  and  for  inaccuracy  and  trimming  losses  on  the  fiberglass. 
A  nominal  15  percent  excess  on  liquids  and  5  percent  on  fiberglass  is  recommended 
as  a  conservative  figure.  For  larger  areas  these  figures  probably  can  be  reduced, 
however,  on  smaller  areas  losses  may  be  greater.  Experience  will  result  in 
achieving  closer  estimates.  A  typical  example  is  contained  in  the  following  sections. 

In  planning  the  operating  procedures,  material  pre -positioning  locations  and  equip¬ 
ment  traffic  patterns  should  minimize  unnecessary  travel  and  avoid  conflict  between 
vehicles.  The  surfacing  sequence  should  be  planned  to  take  advantage  of  material 
modules  and  equipment  capabilities,  taking  into  account  such  factors  as  fiberglass 
roll  size,  resin  container  size,  and  hose  length  when  using  the  low  rate  system. 
Unproductive  travel,  unnecessary  fiberglass  trimming,  and  frequent  stops  should 
be  avoided  if  possible.  Procedures  should  emphasize  cleanliness  with  no  uncon¬ 
tained  spillage  of  liquids,  except  for  catalyzed  and  promumd  resin.  Catalyst  spills 
if  allowed  to  remain  constitute  a  fire  hazard  and  promoter  spills  present  a  lingering 
toxicity  hazard. 

3.3.2.2  High  Rate  System 

In  order  to  analyze  the  high  rate  surfacing  system  a  hypothetical  airfield  parking 
area  100  by  500  feet  capable  of  withstanding  a  6,750  pound  single  wheel  load  with 
82  square  inches  of  contact  area  on  a  CBR  greater  than  4  was  selected.  This  is 
typical  of  current  advanced  tactical  support  aircraft. 

3.3.2.2.1  General 

Based  on  the  above  criteria,  and  referring  to  Section  VI  of  Reference  10,  for  a 
safety  factor  of  2.  0  a  surface  thickness  of  two  1  psf  layers  is  required.  Edge 
traffic  is  anticipated,  therefore  a  nominal  3  foot  buried  edge  in  accordance  with 
Method  1,  Figure  15,  is  assumed  on  all  sides.  The  site  is  assumed  to  be  graded 
and  compacted  to  sufficient  strength  as  required  for  the  surfacing  and  ancillary 
equipment.  Fiberglass  rolls  are  6. 5  feet  wide  by  250  feet  long  and  weigh  650  pounds 
eacu.  Fiberglass  is  currently  available  in  any  width  to  13  feet  with  a  maximum 
length  of  approximately  250  feet.  The  6. 5  foot  width  was  chosen  as  the  baseline 
because  it  appears  to  be  a  good  compromise  in  consideration  of  the  following: 
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3.3.2.2.1  General  (Cont) 

1)  Ease  of  handling  and  transporting 

2)  Percentage  of  lap  area  required 

3)  Manufacturing  capability 

4)  Br  'i  f  the  surfacing  equipment  design 

Resin  •  •  o  miners  each  have  a  capacity  of  3,000  pounds.  This  container  size  is 
within  current  capability  and  is  large  enough  such  that  one  container  will  exceed 
the  requirements  of  one  load  (2  rolls)  of  fiberglass  on  the  high  rate  sufacer. 
Therefore  with  two  containers  aboard,  normally  one  full  and  one  partially  full, 
any  surfacing  pass  may  proceed  to  completion  or  to  the  end  of  the  glass  rolls  by 
switching  to  the  full  container  at  any  point  in  the  pass  where  the  container  in 
use  is  emptied.  Standard  size  promoter  and  catalyst  containers  of  55  gallons  for 
catalyst  and  30  gallons  for  promoter  were  selected.  The  basis  for  selecting  these 
sizes  is  discussed  in  Section  3. 3. 2. 2. 2.  For  study  purposes  the  weight  of  liquids 
applied  to  the  fiberglass  are  assumed  to  consist  of  1  PHR  promoter,  2.5  PHR 
catalyst  emulsion  (1%  active  benzoyl  peroxide)  and  100  parts  resin.  Procedures 
employed  in  computing  materials  required  is  given  in  Table  13  and  are  based  on 
a  nominal  liquid  to  fiberglass  ratio  of  60:40. 

The  preliminary  high  rate  dispensing  equipment  configuration  assumed  for  this 
study  is  shown  in  Figure  20.  The  arrangement  includes  twin  containers  of  resin, 
promoter  and  catalyst.  Sufficient  space  is  available  for  the  two  planned  crew 
members  on  the  deck,  an  equipment  operator  and  materials  tender.  The  boom 
may  be  rotated  to  dispense  surfacing  materials  to  either  side  or  behind  the  unit. 

The  vehicle  chosen  to  dispense  the  surfacing  materials  must,  in  addition  to 
providing  the  required  space,  support  an  approximate  payload  of  22,000  pounds 
and  be  stable  under  the  worst  operational  conditions  of  eccentric  loading.  The 
vehicle  must  also  have  variable  low  speed  capability  from  30  feet  per  minute  to 
at  least  120  feet  per  minute  and  be  capable  of  a  road  speed  of  55  MPH.  Because 
of  the  weight  distribution  on  the  bed,  the  side  tipping  stability  needed,  and  the 
desirability  of  good  traction  and  flotation,  dual  rear  axles  are  desirable.  A  long 
wheel  base  is  desirable  to  permit  the  addtion  of  gearing  for  the  low  speed  require¬ 
ments.  A  gasoline  engine  driven  truck  conforming  to  MIL-T-45341  with  a  gross 
weight  of  43,000  pounds  appears  to  satisfy  all  requirements  when  modified  for  the 
low  speed  capability.  Although  either  a  gasoline  or  a  diesel  engine  could  satisfy 
the  power  and  9peed  requirements,  the  gasoline  engine  was  chosen  because  it  is 
less  expensive  and  better  suited  to  the  short  haul,  low  mileage  operation  inherent 
in  this  application.  Other  requirements  and  capabilities  of  the  truck  are  contained 
in  Section  3. 4. 2. 

3.3.2. 2. 2  Operational  Analysis 

The  operational  analysis  assumes  that  all  ancillary  equipment  has  been  driven  to 
the  site  and  is  available  when  needed.  All  necessary  site  preparation  has  been 
■complished  including  installation  of  an  edge  anchoring  ditch  and  a  guideline  at 
me  starting  edge,  and  activation  of  a  disposal  area.  Materials  arc  truck  H  to  the 
site  in  the  following  packages: 


69 


D180-15 124-1 


TabU  13 :  MA  TE RIALS  REQUIRED  FOR  100  FT  X  500  FT  SURFACE 


Required  Usable  Atm  : 
Surfacing  Weitfit : 
Reinforcement : 

Total  Width  with  Edging : 
Total  Length  with  Edging : 

•  With  6  Inch  Laps,  Effective  Width  Par 


50,000  Sq  Ft 
2  Lb/Sq  Ft 

6.5  Ft  Wide  x  250  Ft  Long 
x  0.4  Lb/Sq  Ft 

106  Ft. 

506  Ft  (2  glass  roll  Lengths  Plus 
Edge  Strips  at  Each  End) 

'ass  *  6.0  Ft;  than 


106  Ft/Width  -  17.7  or  18  Full  Length  Strips. 
6  Ft/Pass  (1  Strip  -  2  Pais  Lengths) 

•  At  4  Rolls  Each  -  72  Rolls  of  Fiberglass 


Edging  for  ends  requires  an  additional  200  ft,  or  2  more  rolls  for  a  total  of  74. 

•  Total  Wai^tt  at  660  Lbs  Par  Roll  -  48,000  Lbs. 

•  Liquid  st  80  x  48.000  -  72.000  Lbs  total  liquids* 

40 

•  Rosin  at  100  PHR  -  80,552  Lbs  >  23.2  or  24  Containers  at  3000  Lbs  Each. 


•  Promoter  at  1  PHR  -  606  Lbs,  87  Gal  or  2.9  Drums  at  30  Gal  Each. 

•  Catalyst  at  2.5  PHR  -  1,739  Lbs.  177  Gal  or  3.2  Drums  at  56  Gal  Each. 

•  Solvent:  Assume  two  cleanups  at  one  drum  each,  plus  1  drum  for  miscellaneous 

cleaning  and  1  drum  for  roller  washing  for  a  total  of  four  drums. 

•  To  allow  for  less  than  100%  utilization  the  totals  transported  to  the  site  should  be 
increaredto: 


Approximate 
Nat  Weitfst 


Fiberglass 

78  Rolls 

50,700  Lbs 

Resin 

28  Containers 

84,000  Lbs 

Promoter 

4  Drums  8  30  Gal  Ea. 

960  Lbs 

Catalyst 

4  Drums  8  56  Gal  Ea. 

2,160  Lbs 

Solvent 

4  Drums  8  600  Lbs  Ea. 

2,400  Lbs 

•  Total  material  wei^it  Is  approximately  154,000  pounds  including  10  percent  for  packaging. 
'Liquid  composition  is  100  parts  resin  +  1.0  pvt  promoter  +  2.6  parts  catalyst 
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3.3.2. 2.2  Operational  Analysis  (Cont) 

o  Fiberglass — Throwaway  spool,  plastic  bag  moisture  barrier,  cardboard 

container,  4  containers  per  pallet,  650  pounds  of  fiberglass 
per  container. 

o  Resin— 3,000  pounds  net,  fork  liftable  plywood  containers 
o  Promoter— 30  gallon  containers ,  4  per  pallet 

o  Catalyst— 55  gallon  containers,  4  per  pallet 

o  Solvent— 55  gallon  drums ,  4  per  pallet 

Basel,  on  the  above,  a  family  of  task  time  sequencing  charts  were  developed 
starting  with  the  prepositioning  of  surfacing  materials  at  the  site.  Selected 
traffic  patterns,  surface  sequencing  and  material  and  equipment  locations  are 
shown  in  Figure  3. 

Gross  tasks  are  contained  in  an  overall  time  line,  Figure  21.  Each  of  these  gross 
tasks  is  further  broken  down  in  Figures  22  through  28.  Detail  personnel  (identified 
in  T&ble  14)  utilization  is  shown  in  Figures  29  through  36  for  the  most  critical 
portion  of  the  operation,  surface  application.  Material  consumption  schedule  is 
detailed  in  Figure  37.  Equipment  requirements  are  listed  in  Table  15. 

Examination  of  the  overall  time  phasing  (Figure  21)  shows  for  the  example 
chosen  that  the  estimated  total  time  at  the  site  from  materials  and  personnel 
arrival  until  the  personnel  and  equipment  are  ready  to  leave  is  13-1/4  working 
hours  with  an  additional  45  minutes  required  at  the  equipment  storage  location 
for  storage  preparation.  Preparation  of  equipment  can  be  accomplished  at  the 
same  time  the  materials  are  being  positioned  up  to  the  point  where  the  system 
plumbing  is  filled  with  liquids.  Once  the  system  is  filled,  long  delays  should  be 
avoided  and  surfacing  should  proceed  to  completion.  Surfacing  is  then  applied 
on  a  continuous  basis  for  306  minutes  (slightly  more  than  50,000  square  feet  is 
applied).  Since  all  assigned  personnel  are  busy  during  the  surfacing  period, 
joints  and  edging  cannot  start  until  the  surfacing  is  completed.  Edging,  expansion 
joints,  and  cleanup  are  then  phased  in  as  close  as  possible  on  the  assumption  that 
the  surfacing  will  support  foot  traffic  30  minutes  after  installation  and  wheeled 
traffic  60  minutes  after  installation.  The  final  preparation  of  the  equipment  for 
storage  is  assumed  to  take  place  after  transportation  to  a  storage  location  where 
vehicles  are  commonly  maintained  and  held  in  ready  storage. 

Materials  prepositioning  (Figure  22)  assumes  that  materials  are  delivered  either 
ail  at  once  or  as  necessary  to  allow  uninterrupted  placement  at  the  designated 
spots.  Using  12-ton  semitrailers  such  as  the  M127,  seven  loads  would  be  required. 

During  materials  unloading,  the  surfacing  equipment  crew  is  readying  the  equip¬ 
ment.  Daily  servicing,  setting  up  the  spray  bars,  placement  of  equipment  such  as 
solvent  buckets,  resin  container  piercers,  tools,  and  handrollers  is  accomplished. 
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Figure  21 :  CONSTRUCT  100  FT x  500  FT  SURFACE, 
HIGH  RA  TE  SYSTEM 
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Figure  22 :  PREPOSITION  MA  TER! A  LS  -  HIGH  RA  TE  SYSTEM 


Elapsed  Time  (Minutes) 
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Figure  24 :  APPLY  SURF  A  CING-HIGH  RA  TE  SYSTEM 
(TYPICAL  REPEATABLE  CYCLES) 


Figure  25:  INSTALL  EXPANSION  JOINTS  AND  EDGING 
HIGH  RATE  SYSTEM 
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Figure  26,:  CL  E AN  UP  A  REA  -  HIGH  RA  TE  SYSTEM 
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6.1  Remove  Fluid  Containers 

6.2  Drain  or  Pump  Dry  the  Resin,  Promoter 
&  Catalyst  Suction  Lines 

6.3  Connect  Solvent  Containers  to  the 
Promoter  &  Catalyst  Pumps 

6.4  Pour  &-Gallons  of  Solvent  Into  Each 
Container 

6.5  Connect  a  Solvent  Supply  to  the  Resin 
Suction  Lines 

6.6  Flush  all  Systems,  with  Promoter  & 

Catalyst  Discharging  into  Separate 
Containers 

6.7  Flush  Exterior  Surfaces 

6.8  Perform  General  Cleanup : 

(a)  Wash  Tools,  Resin  Connectors,  Etc. 

(b)  Drain 

(c)  Remove  &  Secure  Flushing  Containers 

6.9  Stow  All  Loose  Equipment 

6.10  Disconnect  Solvent  from  Resin  System  and 
Cap  Unas 

6.11  Remove  &  Stow  Spraybers  &  Glass  Spts. 

6.12  Wipe  Clean  than  Wipe  with  Grease  Exposed 
Actuating  Cylinders 

6.13  Lubricate  as  Required. 

6.14  Cap  or  Plug  All  Fluid  System  Openings 

6.16  Perform  Pre-Transport  Servicing 

6.16  Stow  Boom  for  Travel 

6.17  Remove  &  Wash  Holler  Elements 

6.18  Solvent  Flush  the  Roller  Supports 

6.19  Drain  &  Clean  the  Roller  Wash  Tank 

6.20  Stow  the  Roller  Supports  &  Cleaning 
Equipment  for  Transportation 

6.21  Perform  Pre-Transport  Servicing  of 


Figure  27 :  PREPARE  EQUIPMENT  FOR  TRANSPOR  TA  TION  - 
HIGH  RATE  SYSTEM 
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figure  28:  PREPARE  EQUIPMENT  FOR  STORAGE  -  SYSTEM 
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Table  14:  PERSONNEL  LIST  -  HIGH  RA  TE  SURFACING  SYSTEM 


Job  Title 

Code 

Primary  Job 

Dispensing  Equipment  Operator 

A 

Controls  materials  application 

Materials  Tender 

B 

Ensures  an  adequate  materials  supply. 

Dispensing  Equipment  Driver 

C 

Controls  vehicle  under  direction  of  A  or  G. 

Forklift  Operator  (2) 

01 

Operates  forklift 

D2 

Crane  Operator 

E 

Operates  crane 

Roller  Operator 

F 

Operates  and  cleans  surfacing  roller 

Ground  Observer  (Crow  Chief) 

G 

Provides  overall  direction 

Materials  Handler 

H 

Assists  during  glass  loading  and  helps  prepare 
new  rolls  for  loading. 
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Figure  29 :  PERSONNEL  UT/UZA  TION,  A 
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Figure  3C :  PERSONNEL  UT/LIZA  T/ON,  B 
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Figure  31 :  PERSONNEL  UTILIZATION.  C 
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Figure  32  PE RSONNEL  UTIL  IZA  TION,  D  J 
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Figure  33 :  PERSONNEL  UT/L/ZA  TION,  D2 


Elapsed  Time  (Minutes) 


Figure  34 :  PERSONNEL  UTILIZA  TION  E.  H 


D180-15124-1 


88 


Figure  35 :  PERSONNEL  UTILIZA  TION,  F 
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Figure 36:  PERSONNEL  UTILIZATION.  G 
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Figure  37 :  MA  TEPIA  LS  CONSUMPTION  SCHEDULE 
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Table  15:  EQUIPMENT  LIST  -  HIGH  PA  TE  SURFACING  SYSTEM 


Item 

Qty 

Function 

High  Rat*  Dispenser 

1 

Apply  fiberglass  and  resin 

Tractor,  Glass  Rolling 

1 

Transport  glass  roller 

Glass  Roller  {with  extra  roller  segments) 

1 

Roll  wet  fiberglass 

Forklift,  Rough  Terrain  4,000  lb*  Capacity 

2 

Materials  handling 

Crane,  Mobile,  2,000  lb  Capacity 

1 

Materials  handling 

Glass  Handling  Sling 

1 

Glass  roll  pickup 

Glass  Roll  Mandrel 

6 

Glass  roll  handling  and  dispensing 

Glass  Roller  Washer 

1 

Cleans  roller  between  passes 

Cutter,  Fiberglass 

1 

Cuts  fiberglass  matting 

Tool  Set 

1 

Miscellaneous 

Roller,  Manual 

2 

Correcting  trouble  spots 

Saw,  Abrasive  Gasoline  Powered 

1 

Trimming  ends  and  cutting  joints 

Drum  Spigot 

1 

Obtain  solvent  from  55  gal  drum  for  roller  cleaning 

Wash  Tank  for  Resin  &  Catalyst  Fittings 

2 

and  general  cleanup 

Promoter  System  Solvent  Tank 

1 

System  flushing 

Catalyst  System  Solvent  Tank 

1 

System  flushing 

Paint  Brushes  (Assorted  Sizes) 

6 

Cleanup 

Bucket,  Plastic  10  qt 

6 

Cleanup 

Rags 

As  Rsq'd 

Cleanup 

Thermometer 

1 

Measure  air  or  soil  temperature 

Glass  Hold  Down  Tool 

1 

Secure  glass  ends  at  start  of  surfacing 

Drum  Handling  Sling  -  55  Gal. 

2 

Drum  Handling  Sling  -  30  Gal. 

2 

Stakes 

12 

Position  markers 

Twine 

1,000' 

Equipment,  initial  guide 

Stop  Watch 

1 

Check  gel  time 

Steel  Tape  100' 

1 

Bung  Wrench 

1 

Eye  Wash,  Portable 

1 

Water  Jug 

i 

Drinking  and  emergency  wash 

Waste  Cans 

As  Req'd 

Mechanics  Tool  Set 

1 

Equipment  setup  and  maintenance 

Shovels 

3 

Brooms 

3 

Cleaning  joint  areas 

Hammer  -  2  lb 

1 

Drive  stakes 

Oiler 

Equipment  Lubrication 

Squeegee,  Rubber 

2 

Spreading  resin  and  working  out  wrinkles 

Solvent  Spray  Hose 

1 

Washing  exterior  surfaces 

Grease  Gun 

Equipment  Lubrication 

Support  Materials 

1.  Gasoline 

2.  Motor  Oil 

3.  Metering  Pump  Oil  (AGMA  No.  8 

Compounded,  Gear  Lube) 

4.  Grease,  General  Purpose 

5.  Common  Motor  Vehicle  Materials 

6.  Hydraulic  Fluid 
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3.3.2.2.2  Operational  Analysis  (Cont) 

When  the  materials  have  been  prepositioned  and  surfacing  is  ready  to  begin,  final 
preparations  are  completed  and  surfacing  commences.  In  order  to  achieve  the 
desired  rate  of  10,000  sq  ft/hr,  a  250-foot  pass  must  be  completed  each  9  minutes. 
Hie  required  tasks  and  estimated  time  phasing  are  detailed  in  Figure  24.  As  noted 
before,  the  entire  crew  is  involved  in  surfacing ,  so  edging  or  joint  preparation 
cannot  take  place  until  the  surfacing  is  completed.  Expansion  joints,  edging,  and 
various  cleanup  tasks  are  then  performed  and  are  shown  in  Figures  25  through  28. 

Using  the  foregoing  as  a  baseline,  the  following  variations  will  be  considered: 

1)  Smaller  areas  not  evenly  divided  into  the  fiberglass  roll  length 

2)  Soft  terrain 

3)  Uneven  terrain 

4)  Operation  with  the  boom  on  the  right  side  and  to  the  rear 

5)  Inclement  weather 

6)  Varying  material  package  size 

0  Smaller  Areas— Assuming  a  150-foot  by  150-foot  surface,  the  area  is 
22,500  square  feet  or  45%  of  the  baseline  area  and  the  materials  required 
are  roughly  proportional.  An  overall  time  estimate  is  shown  in  Figure  38. 
Materials  prepositioning  time  is  nearly  proportional  to  the  material 
quantities  involved  and  equipment  preparation  is  the  same  as  for  the  base¬ 
line  case.  Surface  application  is  more  time  consuming  because  of  more 
frequent  stops,  the  need  to  cut  the  fiberglass  at  the  end  of  each  pass,  and 
the  greater  proportion  of  travel  time  required. 

o  Soft  Terrain — Soft  terrain  may  be  expected  to  slow  down  the  surfacing  rate 
by  various  amounts  depending  on  soil  conditions  and  the  method  of  coping  with 
the  problem.  Under  the  worst  case  where  the  surfacing  equipment  must 
advance  while  travelling  on  previously  cured  surfacing  and  assuming  that 
the  material  must  cure  for  1  hour  before  it  may  receive  traffic,  4  passes 
per  hour  could  be  completed  for  a  rate  of  6,000  sq  ft/hr.  Because  of 
additional  travel  required,  slower  travel  due  to  terrain,  greater  difficulty 
in  loading  materials,  and  the  increased  probability  of  glass  wrinkling, 
additional  undeterminable  reduction  in  output  is  possible  under  these 
conditions.  Under  more  favorable  conditions  where  the  soil  strength  is 
marginal,  minor  delays  to  repair  ruts  or  chuck  holes  may  be  the  only 
penalty. 

o  Uneven  Terrain — Where  the  area  to  be  surfaced  is  of  adequate  strength  but 
is  uneven,  two  effects  are  anticipated: 

1)  Slower  travel  speeds  during  surfacing  and  during  travel  to  and  from 
the  reload  area 

2)  Some  wrinkles  requiring  repair 
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Figure  38 :  CONSTRUCT  150  FT x  150  FT  AREA,  HIGH  RA  TE  SYSTEM 
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3.3.2.2.2  Operational  Analysis  (Cont) 

Assuming  that  speeds  are  reduced  to  50%,  the  average  cycle  time  would 
increase  from  9  to  14.  5  minutes  for  an  adjusted  rate  of  6,200  sq  ft/hr. 

Hie  amount  of  repair  cannot  be  predicted  in  advance,  and  depends  upon  the 
number  of  defects  as  well,  as  other  intangibles  such  as  urgency  of  completion 
and  required  surface  quality.  If  a  high  quality  load  bearing  surface  is 
required,  wrinkles  should  be  cut  out  and  patched  using  bucket  mixed  liquids 
with  fiberglass  patches  cut  to  size  and  manually  rolled.  Care  is  required 
to  ensure  a  clean  joint.  Sweeping  then  washing  with  solvent  is  recommended. 
On  multilayer  surfacing  succeeding  patching  layers  should  be  of  increased 
size  to  produce  a  feathered  edge  instead  of  an  abrupt  step. 

o  Boom  Positioning — Operation  with  the  surfacing  being  applied  on  the  driver's 
side  of  the  surfacer  is  expected  to  be  more  convenient  than  when  other 
positions  of  the  material  dispensing  boom  are  utilized.  Driver  visibility  is 
good  for  maintaining  alignment  and  the  actual  surfacing  application  is  visible 
thus  reducing  dependence  on  hand  signals.  Loading  is  also  easier  because  the 
fiberglass  and  resin  handling  activities  are  separated  to  opposite  sides  of  the 
vehicle. 

Though  less  convenient,  no  significant  differences  are  foreseen  when  other 
boom  positions  are  utilized  and  once  the  operation  is  familiar  to  the  crew 
it  should  pose  no  problems.  One  probable  additional  task  required  would 
be  positioning  the  boom  or  the  dispensing  head  during  loading.  With  the 
boom  to  the  right  side,  resin  and  glass  loading  might  otherwise  conflict 
and  with  the  boom  to  the  rear,  access  for  loading  the  forward  glass  roll 
is  restricted.  Any  delay  incurred  is  expected  to  be  small. 

o  Inclement  Weather--Based  on  past  experience,  the  system  is  not  highly 
sensitive  to  the  environment.  However  there  are  limits.  During  extremely 
hot,  sunny  weather,  care  must  be  taken  to  maintain  a  gel  time  of  sufficient 
length  to  prevent  material  from  curing  before  or  during  the  rolling  operation. 
A  means  of  keeping  the  catalyst  temperature  from  exceeding  100°F  is 
necessary.  Various  means  of  accomplishing  this  in  the  field  are  possible, 
such  as  rigging  a  cover  or  keeping  the  material  containers  wet.  Short 
term  heating  of  the  catalyst  to  100°F  or  slightly  above  just  before  or  during 
use  is  net  believed  harmful.  However  material  that  has  exceeded  100°F 
should  not  be  placed  back  in  stock. 

Decreasing  temperatures  cause  the  resin  and  catalyst  viscosity  to  increase 
and  at  36. 5°F  the  promoter  freezes.  The  planned  system  is  satisfactory  at 
40°F,  however  at  significantly  lower  temperatures  degradation  of  operation 
can  be  expected.  The  catalyst  and  promoter  metering  pump  oil  requires 
dilution  at  temperatures  below  60° F  but  is  operational  to  -25°F.  The  net 
result  is  that  the  equipment  with  some  special  care  is  operative  in  cold 
weather. 
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3.3.2.2.2  Operational  Analysis  (Cont) 

When  surfacing  is  applied  during  ambient  temperatures  below  40°F  the 
cure  time  can  be  expected  to  exceed  1  hour.  Though  the  quality  of  the 
finished  surface  is  expected  to  be  satisfactory,  no  field  investigation  of 
these  conditions  has  been  accomplished.  The  surfacing  can  be  applied 
during  rainy  or  windy  weather.  However,  the  fiberglass  should  be  kept 
covered  until  it  is  applied.  Operation  during  heavy  rain  should  generally 
be  avoided.  Although  the  precise  effects  are  not  known,  degraded  surface 
appearance  and  possibly  reduction  in  material  properties  appears  likely. 

o  Material  Modules— The  fiberglass,  resin,  catalyst,  and  promoter  packages 
should  be  sized  to  provide  the  largest  possible  surfacing  area  between  reloads 
within  reasonable  handling  sizes,  and  as  far  as  practicable,  minimize  the 
downtime  to  reload. 

Varying  the  width,  length  or  unit  weight  of  the  fiberglass  affects  various 
elements  of  the  system.  Tentative  maximum  length  and  weight  that  fiberglass 
manufacturers  can  furnish  is  250  feet  at  .4  lb/sq  ft.  Accepting  these  limits 
leaves  the  choice  of  width  open.  The  width  affects  the  application  geometry 
with  wider  glass  causing  proportionally  more  excursion  at  the  outer  end  of 
the  fiberglass  roll  resulting  in  a  greater  tendency  to  wrinkle.  TTie  truck 
lateral  tipping  moment  and  roll  inertia  is  also  affected.  The  efficiency 
of  application  and  use  is  better  with  wider  fiberglass  because  of  the 
proportion  of  material  handling  effort  and  material  overlap  in  relation  to 
the  quantity  of  material  applied  is  reduced.  Manufacturers  can  currently 
supply  any  width  up  to  13  feet. 

Most  2-1/2  ton  and  larger  trucks  and  trailers  will  accommodate  7  foot  wide 
rolls  across  the  bed;  thus  handling  and  transporting  this  width  or  less  would 
be  somewhat  easier.  Air  transport  via  C-130  will  accommodate  widths  to 
9  feet  without  the  need  for  end  loading.  Fii  zl  selection  of  the  best  glass 
width  to  achieve  10,000  sq  ft/hr  is  subject  t>  continued  design  studies. 

However  6.5  to  8  feet  appears  to  be  the  mo  it  likely  boundaries. 

The  resin  container  size  currently  used  with  the  On- Fast  system  is  315 
gallons  and  is  the  tallest  container  that  can  be  economically  fabricated 
from  standard  size  plywood.  There  is  no  significant  advantage  to  reducing 
this  size,  since  the  package  is  readily  handled  with  forklifts  of  2  tons  or 
more  capacity.  A  single  container  is  sufficient  to  exceed  the  requirements 
of  the  largest  conceivable  single  charge  of  glass.  Therefore  not  more  than 
on  resin  container  need  be  replaced  during  a  fiberglass  replenishment  stop. 

The  next  significant  point  on  increasing  size  would  be  to  provide  the 
capability  to  cover  two  loads  of  glass  with  a  single  container  and  would 
require  approximately  4, 800  pounds  of  resin  for  8  feet  by  250  feet  fiberglass 
or  3,900  pounds  for  6.  5  foot  fiberglass.  This  would  permit  alternate  unloading 
of  empties  and  loading  of  full  resin  containers  with  a  single  forklift  during 
glass  reloading  stops.  In  view  of  the  development  necessary  to  increase  the 
size,  the  adequacy  of  the  current  packaging,  it  is  considered  that  changes 
requiring  extensive  redesign  should  not  be  attempted.  Hie  possibility  of 
modifying  the  container  plan  form  to  48  by  48  inches  instead  of  the  current 
40  by  48  inches  will  be  considered  however.  This  would  bring  the  capacity 
to  approximately  that  required  for  two  passes  with  6.5  foot  fiberglass  and 
would  reduce  the  effort  required  to  handle  resin  containers. 


95 


D180-15 124-1 


3.3.2.2  2  Operational  Analysis  (Corn) 

Table  10  presents  a  eompa risen  of  three  containerization  methods  considered 
for  promoter  and  catalyst.  The  selected  container  sizes  must  be  compatible 
with  the  loading  equipment  and  procedures.  For  Method  A  and  B  where  manual 
handling  is  required,  5  gallon  containers  are  as  big  as  can  be  conveniently 
handled.  By  going  to  larger  containers,  Method  C,  which  requires  equipment 
for  handling,  and  using  the  same  concept  as  the  resin  tankage,  where  two 
containers  are  utilized  in  series,  more  efficient  use  of  manpower  is  possible 
and  safety  is  improved  with  less  chance  of  inadvertent  spillage  of  materials. 
With  catalyst  containers  of  55  gallon  size  and  promoter  containers  30  gallons, 
replacement  of  empty  containers  can  be  phased  into  the  operation  to  occur 
when  a  resin  container  change  is  not  required  during  a  reloading  stop.  'Hi is 
is  shown  on  the  materials  consumption  schedule,  Figure  37.  Catalyst  and 
promoter  container  sizes  of  55  and  30  gallons  respectively  should  be 
considered  with  provisions  on  the  high  rate  surfacer  to  draw  from  either 
container  of  each  material. 

A  summary  of  the  maximum  material  weight  required  on  the  surfacing  vehicle 
inciuding  two  containers  each  of  e;e  ilyst,  promoter,  and  resin  and  two  rolls 
of  fiberglass  is  as  follows: 


Mate  rial 

Packaging 

Total 

Resin.  2  3,000  pounds 

(i.000 

540 

(5.540 

Catalyst.  2  ui  55  gallon.' 

1.080 

MO 

1,220 

Promoter.  2  i"  30  gallons 

400 

00 

540 

Solvent.  1  <•«  55  gallons 

(500 

70 

070 

Fiberglass.  2  rolls 

8  It  x  250  ft  x  .  1  psf 

1 .000 

-- 

1,000 

10,570  lbs 

Sufficient  pa\load  capability  space  is  required  for  carrying  the  above 
materials  along  with  the  necessary  dispensing  equipment  and  operating 
personnel. 

3.3.2.3  Low  Rate  System 

In  order  to  analyze  the  low  rate  surfacing  system  a  rectangular  area  100  feet  by 
120  feet  composed  of  2  lbs  sq  ft  2  layer  surfacing  was  selected.  This  size 
corresponds  with  the  0-hour  continuous  area  of  12,000  square  feel  and  is  a 
likely  size  for  a  parking  pad  or  small  helicopter  pad. 


96 


Table  16:  COMPARISON  OF  PROMOTER  AND  CA  TAL  YST  CONTAINERS 
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Handling  frequency  and  personnel  fatigue  is  reduced.  4.  Small  jobs  during  warm  weather  will  require  less  than  a  full 

container.  The  remaining  catalyst  may  be  exposed  to  contamination 
or  temperature  extremes  that  could  render  it  unusable. 
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3.32.3.1  General 

Hie  selected  area  is  assumed  to  he  level  and  of  sufficient  strength  to  allow 
operation  of  the  surfacing  and  ancillary  equipment.  Assuming  edge  traffic,  a 
three  loot  buried  edge  in  aecor dance  with  figure  If),  Method  1  is  included  and  an 
edge  anchoring  ditch  is  prepared  along  3  edges  before  surfacing  stains.  'Hie 
method  of  applying  2  lb/sq  ft  is  to  apply  two  layers  and  to  lap  each  strip  by  50'< 
plus  (5  inches. 

Fiberglass  rolls  are  <>.f>  feet  wide  by  30  feet  long  by  .4  lb/sq  ft,  weighing  130 
pounds  each,  thus  rolls  may  be  easily  handled  by  two  men.  Resin  containers 
are  the  same  as  the  high  rate  baseline,  3,000  pounds  net.  Promoter  and  catalyst 
are  assumed  to  be  packaged  in  standard  drums  of  30  and  55  gallons  respectively. 
These  sizes  are  compatible  with  the  recommended  containers  for  the  high  rate 
system.  By  standardizing  containers  for  the  two  systems  the  logistics  burden  is 
reduced,  personnel  training  is  simplified  anti  commonality  of  handling  equipment 
is  improved. 

Fxeept  at  temperatures  near  10° F  the  entire  surface  can  be  finished  with  single 
catalyst  and  promoter  containers.  For  study  purposes,  the  promoter  and  catalyst 
quantities  consumed  are  l  PIIR  promoter  and  2.5  PHR  catalyst  emulsion.  Total 
materials  required  are  summarized  in  Titble  17  and  are  based  on  a  nominal  60:40 
resin  to  fiberglass  ratio. 

The  low  rate  dispensing  equipment  configuration  is  shown  in  Figure  39.  Two 
resin  containers  are  mounted  on  the  trailer  and  used  in  series  to  minimize  the 
disruption  when  a  container  is  emptied.  Because  of  the  infrequency  of  emptying 
the  promoter  and  catalyst  containers,  single  containers  are  provided.  The 
arrangement  shown  provides  sufficient  operating  space  to  monitor  and  replace 
materials,  observe  equipment  operation,  actuate  the  metering  pump  and  engine 
controls  and  observe  the  surfacing  operation. 

With  a  maximum  quantity  of  materials  on  the  trailer  the  total  operational  payload 
is  approximately  10,500  pounds.  The  bed  size  required  to  accommodate  the 
materials  and  spray  unit  as  well  as  ancillary  equipment  storage  is  approximately 
8  feet  wide  by  20  feet  long.  A  fjur-wheel  trailer  is  desirable  so  that  it  may  be 
readily  moved  during  sufacing  without  the  need  to  deploy  a  landing  gear.  Other 
requirements  and  capabilities  ot  the  trailer  are  contained  in  Section  3.4.4. 

3.3.2.3.2  Operational  Analysis 

The  operational  analysis  of  the  low  rate  system  was  accomplished  similar  to  that 
of  the  high  rate  system.  Materials  are  assumed  to  be  trucked  to  the  site  on  two 
semitrailers  in  the  following  packages: 

o  Fibe  rglass  -  -  Th  rowaway  spool,  plastic  moisture  barrier  wrapper, 

cardboard  container,  9  rolls  per  pallet,  130  pounds 
per  roll 

Resin — Individual  3,000  pound  containers  with  forklift  base 

o  Solvent  &  Catalyst--35  gallon  drums,  pallestized 

o  Promoter- -30  gallon  drums,  loose 
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Figure  39 :  LOW  RA  TE  DISPENSING  EQUIPMENT  ARRANGEMENT 
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3.S.2.3.2  Operational  Analysis  (Cont) 

Hie  tasks  required  to  construct  the  100  ft  x  120  ft  rectangular  area  were 
analyzed,  starting  with  the  task  of  prepositioning  materials  at  the  site.  The 
selected  arrangement  of  materials  and  equipment  at  the  site  is  shown  in 
Figure  4. 

Gross  tasks  are  displayed  on  an  overall  time  line  in  Figure  40.  Each  gross 
task  is  treated  in  greater  detail  in  Figures  41  through  47. 

Personnel  are  identified  in  Table  18,  along  with  their  respective  primary 
functions.  Figure  48  shows  the  specific  duties  of  each  man  during  the  sur¬ 
facing  operation  and  illustrates  a  typical  repeatable  cycle.  Hie  required 
equipment  is  listed  in  Table  19.  Hie  general  procedures  assumed  to  be 
employed  are  as  follows: 

During  site  preparation  three  edges  of  the  area  are  ditched  and  the  area  to 
be  surfaced  ta  levelled.  As  an  alternate,  though  not  recommended,  all  four 
edges  could  be  ditched  before  surfacing  but  would  result  in  some  inconvenience 
during  forklift  travel  over  the  edge.  Fiberglass  in  50  ft  rolls  is  applied, 
sprayed,  and  rolled  from  right  to  left  with  the  right  end  of  the  fiberglass  in 
the  right  side  ditch.  Hie  first  two  strips  are  laid  with  a  100%  lap  to  ensure 
a  full  thickness  to  the  edge  and  with  one  edge  applied  from  right  to  left  with  a 
3-1/2  ft  overlap.  Hie  equipment  must  be  moved  at  approximately  each  10 
strips.  This  is  done  using  the  forklift  as  a  tow  vehicle.  Surfacing  continues 
until  the  full  50  ft  x  120  ft  section  is  completed  except  for  the  final  edge  strip. 
The  equipment  is  then  moved  into  position  to  construct  the  second  half  of  the 
surface.  It  is  constructed  in  a  similar  manner  starting  with  a  6  inch  lap  of 
the  previously  applied  surfacing  at  the  right  end.  The  starting  end  of  each 
roll  should  have  the  corner  folded  over  to  allow  prewetting,  then  replaced  flat 
by  the  spraybar  operator.  The  second  half  of  the  sur facing  is  completed  to  the 
point  where  the  equipment  is  moved  off  the  surfacing  area.  The  ditch  is  then 
constructed  for  the  final  edge  and  the  surfacing  completed  including  construc¬ 
tion  of  the  left  edge  and  final  edge.  Backfilling  and  cleanup  is  then 
accomplished. 

Figure  40  shows  a  method  of  phasing  together  the  various  major  tasks  and 
indicates  that  the  total  time  from  positioning  materials  to  completion  of  clean¬ 
up  is  11.  0  hours.  The  prepositioning  of  materials  and  preparation  of  equip¬ 
ment  occur  simultaneously.  As  with  the  high  rate  system,  during  surfacing 
all  assigned  personnel  are  busy,  therefore  other  tasks  may  not  be  performed. 
The  edging  of  two  sides  is  not  done  in  the  course  o#  applying  the  main  surfacing 
area  i  at  is  completed  as  soon  as  possible  and  the  equipment  cleanup  is  started 
as  soon  as  the  edge  surfacing  is  completed.  Preparation  for  storage  is  done 
at  the  storage  site. 

Materials  prepositioning  (Figure  41)  employs  three  men  and  a  forklift.  Hie 
most  time  consuming  task  is  positioning  the  fiberglass  along  both  edges  of  the 
surface.  Liquid  materials  are  offloaded  near  the  area  to  be  surfaced  where 
they  may  be  conveniently  handled  during  preparation  for  use.  While  materials 
are  being  offloaded,  two  men  are  readying  the  equipment. 
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Figure  40:  CONSTRUCT  100  FT  x  1?Q  FT  SURFACE  -  LOW  RA  TE  SYSTEM 
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Figure  4 1 :  PRE-POSITION  MA  TER/ALS  -  LOW  RA  TE  SYSTEM 
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Figure  42 :  PREP  A  RE  EQUIPMENT  FOR  USE  -  LOW  R A  TE  SYSTEM 
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Figure  43 :  APPL  Y  SURFACING  -  LOW  RA  TE  SYSTEM 
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Figure  44 :  COMPLETE  EDGING  -  LOW  RA  TE  SYSTEM 
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Figure  45 :  PREPARE  EQUIPMENT  FOR  TRANSPORTA  TION  -  LOW  RA  TE  SYSTEM 
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Figure  46:  CLEANUP  AREA  -  LOW  RATE  SYSTEM 
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Table  18:  PERSONNEL  LIST  -  LOW  RATE  SURFACING  SYSTEM 


Job  Title 

Code 

Primary  Job 

Spraybar  Operator 

A 

Dnpeneei  ratin 

Hoee  Tender 

B 

Supports  hoee  during  ipraying 
and  pacei  Man  "A" 

Material!  Handler 

C 

Dispente  fiberglaK 

Roller 

0 

Manually  roll!  the  wet  fiberglaas 

Diapenting  Equipment 
Operator 

E 

Operate!  di*penting  equipment, 
koepi  equipment  iuppiied  with 
liquid!. 

i 
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Tabk  19:  EQUIPMENT  LIST  -  LOW  RA  TE  SURFACING  SYSTEM 


Item 

Qty 

Function 

Liquid  Dispersing  Unit 

1 

Deliver  rasin  to  matting 

Glees  Dispenser 

1 

Lay  out  glaas  matting 

Forklift,  Rough  Tarrain,  4,000  lb  capacity 

1 

Handle  matailalt 

Hand  Rollar 

4 

Roll  surface  J  area 

Giaai  Shear 

1 

Cut  giaM  mitting 

Wadi  Tank 

1 

Clean  hand  roller* 

Spara  Fibarglaaa  Spindlat 

2 

Prepare  fiberglass  for  dispensing. 

Sotvant  Pump  or  Drum  Spigot 

1 

Dispense  solvent  for  cleaning  rollers 
and  miscellaneous  equipment 

Paint  Brudiaa,  Aaaortad  Sizat 

6 

Cleanup 

Bucket,  Plastic  10  qt 

4 

Cleanup 

Ragi 

4 

Cleanup 

Thermometer 

1 

Measure  air  or  soil  temperature 

Drum  Handling  Sling  66  Gallon 

1 

Drum  Handling  Sling  30  Gallon 

1 

Stakaa 

6 

Position  marker 

Twina 

1,000' 

Initial  guide  line 

StopWatch 

1 

Check  gel  time 

Staal  TapalOO' 

1 

BungWranch 

1 

Eya  Wadi,  Portable 

1 

Watar  Jug 

1 

Drinking  and  emergency  wadi 

WaitaCans 

As  Raq'd 

Mechanic's  Tool  Sat 

1 

Equipment  setup  and  maintenance 

Shovels 

2 

Broome 

2 

Cleaning  joint  areas 

Hammer  -  2  Lb. 

1 

Drive  Stakes 

OHar 

Equipment  lubrication 

Gratae  Gun 

Equipment  lubrication 

Squeegee.  Rubber 

Support  Materials 

1.  Gasoline 

2.  Motor  Oil 

3.  Metaring  Pump  Oil  (Gear  Luba  as 
required  for  existing  temperature) 

4.  Greaaa,  general  purpoaa 

2 

! 

Spreading  resin  &  working  out  wrinkles 

WNfKI 


9*pm*m 


m«mvwmwrvw+  gy«rCT*nre*.u  lwbjmji  » trjwwMjW' wogw^ty-waw*^ 


D180-15 124-1 


3.3.2. 3.2  Operational  Analysis  (Cont) 

The  surfacing  operation  is  conducted  in  the  sequence  shown  in  Figure  43.  In 
order  to  achieve  the  required  rate  of  2,000  sq  ft/hr,  the  average  time  allotted 
per  50  ft  x  6. 5  ft  pass  is  4-1/2  minutes.  However,  with  allowances  for  down¬ 
time  to  move  the  equipment  and  load  resin  containers,  all  this  time  is  not 
available  resulting  in  a  requirement  to  apply  the  strips  at  a  frequency  of  about 
3-3/4  minutes.  The  method  of  accomplishing  this  is  detailed  in  Figure  48. 
During  surfacing,  all  activities  proceed  in  the  same  direction  to  avoid  con¬ 
fusion.  This  also  allows  the  rolling  to  be  performed  after  spraying  but  before 
the  next  fiberglass  strip  is  emplaced  and  avoids  the  requirement  to  reach 
across  a  full  6-1/2  ft  wide  strip  with  the  roller.  In  order  to  enable  the  dis¬ 
pensing  equipment  operator  to  perform  such  tasks  as  assisting  during  fiber¬ 
glass  preparation  and  dispensing,  and  advancing  the  equipment  trailer  without 
stopping  the  surfacing  operation,  the  following  feature  will  be  incorporated. 
Provide  control  over  the  pump  drive  by  the  spraybar  operator  such  that  once 
the  equipment  is  set  up,  on-off  capability  does  not  require  another  attendant. 
11118  might  be  accomplished  using  an  electric  clutch  controlled  through  a  switch 
at  the  spraybar  or  a  pressure  switch  upstream  of  the  spraybar  hose. 

Equipment  cleanup  following  surfacing  involves  essentially  flushing  the  fluid 
systems,  cleaning  exterior  surfaces  and  securing  all  loose  equipment.  Area 
cleanup  is  assumed  to  consist  of  transporting  waste  materials  and  debris  to  a 
disposal  area. 

Using  the  foregoing  as  a  baseline  the  following  variations  will  be  considered: 

(a)  Smaller  areas. 

(b)  Soft  and  irregular  terrain. 

(c)  Inclement  weather. 

(d)  Varying  material  package  size. 


o  Smaller  Areas 

Smaller  rectangular  areas  on  level  firm  terrain  should  not  affect  the  operation 
of  the  equipment  except  that  for  smaller  areas  the  percentage  of  time  expended 
for  equipment  preparation  and  cleanup  increases,  thus  equipment  and  manpower 
utilization  degrades.  Very  small  or  irregularly  shaped  areas  that  require  a 
great  amount  of  cutting  and  fitting  of  the  fiberglass  will  obviously  reduce  the 
hourly  output.  In  these  cases  the  best  method  might  be  to  lay  out  and  anchor 
sufficient  fiberglass  for  several  minutes  of  spray  time  before  dispensing  any 
liquid.  This  would  require  nails,  lengths  of  soft  wire,  or  other  means  of 
anchoring  the  fiberglass  during  windy  weather  or  on  steep  slopes. 
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3.3.2.3.2  Operational  Analysis  (Cont) 
o  Soft  and  Irregular  or  Sloping  Terrain 

Pre fabrication  of  surfacing  for  revetment  erosion  protection,  ditch  or  basin 
lining,  area  erosion  protection,  bunker  construction  and  similar  applications 
will  require  different  procedures  than  when  operating  on  firm  level  ground. 
Prepositioning  and  anchoring  the  fiberglass  may  be  required.  More  than  one 
light  spraying  pass  may  be  required  to  achieve  a  satisfactory  surface  on  slopes. 
Also  fiberglass  lighter  than  the  .  4  lb/sq  ft  baseline  may  be  used. 

For  these  cases  the  resin  output  should  be  reduced  from  that  required  to 
support  a  2,000  sq  ft  per  hour  application  rate  on  level  terrain.  Experience 
during  testing  by  the  IISMC  indicates  that  the  maximum  operator  coverage  rate 
capability  on  irregular  surfaces  is  in  the  vicinity  of  100  sq  ft  per  minute. 

For  a  1  lb/sq  ft  surface  at  60:40  resin  to  fiberglass  ratio  this  would  amount  to 
60  lbs  per  minute  of  resin.  To  cover  the  possibility  of  surfacing  lighter  than 
1  lb/sq  ft,  a  further  reduction  to  approximately  40  lbs  per  minute  of  resin 
should  be  possible. 

Operations  on  soil  of  low  strength  will  present  problems.  Moving  the  equip¬ 
ment  into  position  and  loading  materials  will  be  more  difficult  and  time  con¬ 
suming.  The  capability  to  add  lengths  of  hose  to  extend  the  reach  of  the  equip¬ 
ment  beyond  what  is  normally  needed  could  be  useful  where  terrain  difficulties 
are  encountered,  and  additions  up  to  100  ft  should  be  considered.  For  maxi¬ 
mum  flexibility  in  situations  where  site  access  or  terrain  characteristics 
might  prevent  surfacing  without  extensive  site  preparation,  the  liquid  dispens¬ 
ing  system  should  be  detachable  from  the  trailer  chassis  and  capable  of 
operating  on  the  ground  or  on  another  vehicle.  This  would  allow  the  equipment 
and  materials  to  be  moved  with  a  rough  terrain  forklift,  helicopter  sling  or 
other  available  means. 

o  Inclement  Weather 

High  and  low  ambient  temperatures  will  have  essentially  the  same  effect  on 
the  low-rate  system  as  on  the  high-rate  system.  During  hot  weather  care  is 
required  to  prevent  too  rapid  ge^tion  of  the  applied  resin  and  to  keep  the 
catalyst  temperatures  below  100  F.  Winterization  for  cold  weather  operation 
should  include  changing  the  oil  in  crank  cases,  gear  boxes  and  metering  pump. 
At  material  temperatures  appreciably  lower  than  the  planned  for  40  F, 
degradation  of  the  fluid  system  performance  can  be  expected. 

The  surfacing  can  be  applied  during  light  to  moderate  rains  but  again,  surfac¬ 
ing  during  a  heavy  rain  should  generally  be  avoided.  When  single  layer 
surfacing  is  being  applied  the  fiberglass  rolls  should  be  left  covered  until  they 
are  used  and  should  then  be  unrolled  immediately  ahead  of  the  resin  spray  to 
avoid  exposing  large  areas  before  spraying  with  resin.  When  two  layer  sur¬ 
facing  must  be  applied  during  rainfall,  special  procedures  should  be  employed 
to  avoid  an  accumulation  of  water  between  the  laminate  layers.  The  lap 
arrangement  recommended  for  the  high  rate  system  should  be  employed  and 
both  rolls  should  be  unrolled  together  while  the  spray  operator  alternately 
covers  small  sections  of  the  bottom  and  top  layers.  During  windy  weather  the 
technique  of  following  the  fiberglass  rollout  with  the  resin  spray  should  be 
used  because  large  areas  of  dry  fiberglass  are  subject  to  wind  pickup. 

Anchoring  pins,  weights,  or  other  means  may  also  be  used  during  wind  if 
circumstances  negate  the  first  approach. 
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3.3.2. 3.2  Operational  Analysis  (Cont) 

o  Material  Modules 


Although  the  low  rate  system  could  efficiently  utilize  smaller  liquid  containers 
than  recommended  for  the  high  rate  system,  the  advantages  previously  cited 
for  a  common  packaging  approach  are  believed  to  be  of  overriding  significance. 

Fiberglass  packages  should  be  limited  to  about  200  lbs  maximum  to  permit 
manual  emplacement.  Fiberglass  packages  were  conservatively  sized  to  130 
lbs  for  the  study.  Although  roll  sizes  greater  than  200  lbs  could  probably  be 
handled  on  firm  level  ground,  heavy  rolls  would  be  difficult  to  emplace  under 
less  favorable  conditions.  The  most  desirable  fiberglass  roll  width  is  a 
function  of  the  intended  use  and  the  handling  capability.  For  large  flat  areas 
the  widest  roll  that  can  be  conveniently  handled  is  desirable  to  minimize  the 
number  of  lap  joints.  For  this  condition  the  6. 5  ft  wide  roll  appears  desirable. 
For  such  applications  as  edging,  sidewalks,  small  ditches,  or  small  irregular 
areas,  4  ft  wide  rolls  are  easier  to  handle  and  may  prove  less  wasteful  of 
material. 

A  summary  is  shown  below  of  maximum  material  weight  required  on  the  trailer 
including  two  resin  containers  and  one  each  promoter,  catalyst,  and  solvent 
containers. 


MATERIAL 

PACKAGING 

TOTAL 

Resin  2  @  3 , 000  lbs  ea 

540  lbs 

6,540  lbs 

Catalyst,  55  gal.  540  lbs 

70  lbs 

610  lbs 

Promoter,  30  gal.  240  lbs 

30  lbs 

270  lbs 

Solvent,  55  gal.  600  lbs 

70  lbs 

670  lbs 

8,090  lbs 

Sufficient  payload  capability  and  space  is  required  for  the  above  materials  and 
the  necessary  dispensing  equipment. 

3.4  Prototype  Application  Equipment  Development 

Development  of  the  prototype  high  and  low  rate  application  equipment  systems 
was  based  to  a  large  extent  on  knowledge  and  actual  surfacing  experience  gained 
during  the  development  of  the  Marine  Corp  On-Fast  surfacing  system. 
Additionally,  extensive  research  was  conducted  on  the  equipment  developed 
under  the  Air  Force's  Rapid-Site  program.  Applicable  information  from  Rapid 
Site  particularly  as  regards  surfacing  rolling  techniques  and  rolling  equipment, 
was  incorporated  into  the  design  of  the  surfacing  equipment  developed. 
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3.4  Prototype  Application  Equipment  Development  (Cont) 

Design  of  both  the  high  and  low  rate  application  equipment  utilized  common  and 
similar  items  to  the  greatest  degree  possible  consistent  with  each  unit's  per¬ 
formance  requirements.  Pump  drive  engines,  resin  pumps,  metering  pumps , 
clutches,  couplings  and  instruments  and  controls  were  selected  from  the  same 
type  of  equipment  family.  Items  such  as  latches,  access  opening  fasteners, 
tiedowns,  piping  components,  fuels  and  lubricants  were  also  the  same  type  for 
both  units. 

Subsequent  to  completion  of  preliminary  design  and  component  selection  a 
modification  to  the  contract  was  requested  by  NCEL  and  implemented.  This 
modification  required  that  both  equipment  systems  be  capable  of  pumping  and 
spraying  polyester  resins  with  viscosities  up  to  and  including  1,600  centipoises 
(CPS).  Accordingly,  planned  system  design,  component  selection,  and 
development  testing  was  reviewed  and  revised  as  necessary.  Changes  result¬ 
ing  from  this  modification  were  incorporated  into  the  program  and  are  reflected 
where  applicable  in  the  following  discussion. 

3.4.1  DESIGN  REQUIREMENTS- HIGH  RATE  EQUIPMENT  SYSTEM 

The  basic  requirement  for  the  high  rate  equipment  system  was  to  design  and 
fabricate  an  equipment  system  capable  of  applying  the  surfacing  materials  on 
previously  prepared  surfaces  such  that  a  continuous,  waterproof,  load  bearing 
surface  would  be  obtained.  In  addition  to  the  above  general  criteria,  the  design 
of  the  high  rate  equipment  system  was  based  on  the  following  specific  require¬ 
ments. 

Number  of  operating  personnel:  The  system  shall  be  capable  of  being  operated 
with  a  military  crew  of  not  more  than  nine  (9)  personnel  functioning  without 
external  support  other  than  delivery  by  others  to  the  work  area  vicinity  of  the 
following  items:  Power  unit  fuel,  lubricants,  and  surfacing  materials  necessary 
to  apply  the  specified  surface  covering. 

Surfacing  characteristics:  Lightweight  matting  may  be  used  on  areas  where 
vehicle  traffic  is  light;  therefore,  the  system  shall  have  the  capability  for 
applying  the  liquid  materials  at  various  flow  rates  and  for  dispensing  various 
weights  of  fiberglass  matting  so  that  different  weights  of  surfacing  can  be 
applied  over  various  subgrades  to  provide  a  final  surface  coating  compatible 
with  the  particular  soil  properties  and  intended  usage.  A  multi-layer  laminate 
is  permissible  to  attain  the  specified  total  surfacing  weights.  Impervious  soils 
may  require  application  of  smaller  amounts  of  resin  in  order  to  achieve  proper 
res in-to -glass  ratios  than  sandy  soil;  however,  the  resin-to-glass  ratio  in  the 
actual  cover  over  the  soil  generally  shall  be  the  same  for  any  soil  type. 

Application  weights:  The  application  of  the  surface  materials  shall  provide  a 
two  (2)  pound  per  square  foot  surface  which  may  be  applied  in  two  (2)  layers 
each  at  one  (1)  pound  per  square  foot  or,  if  feasible  in  one  (1)  layer  at  two  (2) 
pounds  per  square  foot.  The  application  weight  of  two  (2)  pounds  per  square 
foot  is  nominal;  the  optimum  weight  is  that  at  which  the  fiberglass  is  neither 
resin-starved  nor  resin-rich.  By  varying  the  fluid  pumping  rate,  ground  speed 
or  spray  coverage  rate  to  produce  the  desired  surface,  the  system  shall  be 
capable  of  applying  a  variable  surface  covering  weight  up  to  and  Including  four 
(4)  pounds  per  square  foot  with  multi-layer  laminates  using  different  mat  weights. 
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3.4.1  DESIGN  REQUIREMENTS  -  HIGH  RATE  EQUIPMENT  SYSTEM  (CONT) 

Application  areas:  The  system  shall  be  capable  of  applying  the  surfacing 
materials  specified  above  on  areas  such  as  those  required  for  vehicular 
operation  and  parking,  material  storage,  building  and  shelter  floors,  heli¬ 
copter  pads,  airfield  ramp  parking  areas,  soil  erosion  prevention,  protection 
of  subgrade  from  water  infiltration,  and  other  similar  areas.  The  system 
shall  be  capable  of  operation  on  the  following  rectangular,  oval,  circular  or 
irregular  shaped  area  surfaces. 

1)  Level  surfaces 

2)  Inclined  surfaces  at  slopes  up  to  and  including  20% 

3)  Vertically  curved  surfaces  (hill  or  mound  like)  with 
vertical  radii  of  not  less  than  fifty  (50)  feet. 

Application  rates:  The  system  shall  be  capable  of  completing  the  two  (2) 
pounds  per  square  foot  surfacing  specified  above  on  areas  up  to  1,000  feet  in 
length  at  an  average  sustained  rate  of  not  less  than  10,000  square  feet  per  hour 
for  not  less  than  five  (5)  continuous  hours.  The  surfacing  shall  continue  for 
the  specified  five  (5)  hours  without  necessity  for  interruption  of  the  surfacing 
operations  for  equipment  adjustments,  cleaning,  preparation,  processing, 
preventative  or  corrective  maintenance ,  or  repair. 

Self-propelled:  Hie  system  shall  be  a  self-propelled  integrated  unit  with  the 
surfacing  application  equipment  mounted  on  a  self-propelled  vehicle  such  as 
cargo  truck  modified,  if  necessary,  to  provide  the  speeds  specified  herein  and 
to  adequately  support  the  application  equipment  system  and  provide  a  suitable 
mobile  platform  for  the  surfacing  operations. 

Truck:  The  truck  furnished  as  part  of  the  self-propelled  application  system 
equipment  items  shall  conform  to  the  design,  construction,  performance  and 
quality  standards  of  MIL-T -45338,  MIL-T-45339,  MIL-T-45340  or  MIL-T-45341, 
whichever  applies  to  the  vehicle  GVW  class  involved. 

Convoy  speeds:  The  truck  shall  be  capable  of  maintaining  normal  military 
convoy  speeds  while  fully  equipped  but  without  surfacing  materials. 

Ground  speed:  The  self-propelled  unit  shall  possess  adequate  ground  speed 
range  and  accurate  speed  control  which  in  combination  with  the  variable  fluid 
pumping  rate  capability  will  permit  the  ground  surfacing  completion  rates  of 
10,000  square  feet  per  hour  of  a  two  (2)  pounds  per  square  foot  system  speci¬ 
fied  herein  to  be  attained  and  to  permit  application  of  the  various  surface 
coatings  as  specified  above. 

Low  speed:  Hie  self-propelled  unit  shall  possess  a  low  speed  capability  of  30 
feet  per  minute  on  level  ground  while  fully  loaded  with  surfacing  materials  and 
with  engine  operating  at  not  less  than  35  percent  of  recommended  governed 
speed. 
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3.4.1  DESIGN  REQUIREMENTS  -  HIGH  RATE  EQUIPMENT  SYSTEM  (CONT) 

Mobility:  The  system  shall  retain  the  mobility  of  the  can  ier  vehicle. 

Mobility  or  flotation  improvement  efforts  will  be  limited  to  wheel  and  tire 
revisions  or  replacements. 

Support  and  deposit  of  mattings:  The  system  shall  provide  for  utilizing  fiber¬ 
glass  matting  wound  on  a  roll  and  be  capable  of  supporting  and  depositing  the 
fiberglass  mat  on  either  side  of  the  self-propelled  carrier  or  directly  behind 
the  carrier.  In  addition  to  the  width(s)  of  fiberglass  selected  by  the  contractor, 
the  system  shall  accommodate  fiberglass  in  the  widths  of  five  (5)  feet  and 
eight  (8)  feet. 

Discharge  of  surfacing  materials:  The  system  shall  apply  to  the  previously 
placed  glass  mat,  liquid  surfacing  materials  properly  mixed,  and  blended 
through  spraybars  which  cover  the  entire  width  of  the  fiberglass  mat  and  which 
can  be  readily  positioned  to  discharge  to  either  side  of  the  application  equip¬ 
ment  unit  or  centered  on  the  vehicle's  path  and  discharging  to  the  rear  of  the 
vehicle. 

External  catalyzation:  The  system  shall  incorporate  an  external  catalyzation 
method  such  that  the  combining  of  components  which  bring  about  the  curing  of 
the  resin  takes  place  outside  of  the  hardware  system. 

Fluid  system:  The  system  shall  include  fluid  component  pump  drive  features 
which  permit  operation  of  any  one  fluid  system  separately  or  in  combination 
with  any  or  all  ethers  in  order  to  simplify  system  checkout  and  calibration. 

Material  supply  and  replenishment:  The  system  shall  employ  a  liquid  material 
supply  and  replenishment  method  designed  to  facilitate  loading  and  handling  and 
to  reduce  materials  wastage. 

Cleaning  and  flushing:  The  system  shall  have  an  integral  cleaning  and  flushing 
system,  including  separate  solvent  storage,  on  the  vehicle,  which  can  circu¬ 
late  solvent  through  the  entire  application  equipment  fluid  system  to  thoroughly 
clean  and  remove  any  liquid  residue  which  might  otherwise  solidify  within  the 
system  lines  or  components.  On-board  waste  storage  shall  be  provided. 

Component  completeness:  The  system  shall  be  complete  and  all  items  such  as 
suction  hoses,  flushing  manifolds  and  special  supply  container  fittings  necessary 
to  apply  the  surfacing  and  maintain  the  application  equipment  shall  be  included 
and  storage  provisions  for  these  components  shall  be  a  basic  part  of  the  pump¬ 
ing  unit. 

3.4.2  HIGH  RATE  EQUIPMENT  SYSTEM  DESIGN 

Based  on  the  stated  per fo rmance /de s igu  requirements,  a  high  rate  equipment 
system  was  designed  and  fabricated.  The  following  discussion  details  those 
items  considered  critical  in  meeting  the  performance  requirements.  Calcula¬ 
tions  considered  critical  to  these  items  are  included  along  with  the  factors  and 
considerations  leading  to  their  selection. 
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3.4.2. 1  Configuration 

Hie  high  rate  equipment  system  consists  of  two  major  items;  the  dispensing 
equipment  and  the  surface  rolling  equipment,  The  initial  configuration  selected 
for  the  high  rate  dispensing  equipment  has  previously  been  shown  in  Figure  20. 
The  final  configuration  is  shown  in  Figure  49.  Three  principal  changes  are 
evident.  One  is  the  change  in  positioning  of  the  resin  container.  The  side  by 
side  placement  rather  than  both  being  on  the  right  hand  side,  was  considered  a 
distinct  advantage  in  providing  greater  equipment  stability,  allowed  direct 
drive  connection  of  the  resin  pump,  and  provided  much  greater  convenience 
for  the  on-board  materials  tender.  Another  change  is  the  replacement  of  the 
catalyst  and  promoter  drum  type  containers  with  on-board  storage  containers 
('hoppers').  These  containers  have  approximately  1-1/2  times  the  capacity  of 
the  catalyst  and  promoter  drums  (drum  capacity  of  55  gallons  and  30  gallons 
respectively)  when  the  truck  is  on  a  20%  olope.  Provisions  are  made  for 
positioning  and  restraining  refill  drums  on  the  containers  during  hopper  refill. 
Access  doors  are  provided  in  the  container  covers  for  viewing  liquid  level. 
Screens  (strainers)  are  also  provided  in  the  container  covers  at  the  point  where 
liquid  enters  from  the  drums.  Utilization  of  containers  improves  the  plumbing 
system  to  the  metering  pump  inlets,  eliminates  the  problem  of  drum  indexing 
as  evidenced  on  the  systems  mockup  (Ref.  Section  3. 4. 2. 2),  provides  easy 
access  to  the  strainers,  and  simplifies  determining  liquid  levels.  The  third 
principal  change  is  the  relocation  of  the  control  stand  to  the  left  rear  corner  of 
the  truck.  This  location  was  chosen  because  it  was  considered  that  the  great 
majority  of  surfacing  operations  would  take  place  to  the  left  or  the  rear  of  the 
truck  and  thus  operator  visibility  would  be  greatly  improved.  The  other  major 
item  of  the  high  rate  equipment  system  is  the  surface  rolling  equipment.  This 
consists  of  a  tractor  with  roller  assembly  and  a  roller  wash  tank.  The  con¬ 
figuration  employs  several  of  the  basic  features  of  the  Rapid-Site  System. 

One  important  difference  is  that  only  the  rolling  function  is  performed  by  the 
tractor  and  operator,  rather  than  combining  the  fiberglass  layout  and  surface 
rolling  functions  as  in  the  Rapid-Site  System. 

3.4.2.2  Placement  of  Components 

Prior  to  the  final  placement  of  components,  a  full  scale  mockup  of  the  dispens¬ 
ing  equipment  platform  (Figure  50)  was  constructed.  This  was  considered  the 
best  practical  means  of  achieving  satisfactory  placement  of  components  in 
order  to  achieve  maximum  operating  personnel  efficiency  and  convenience  as 
well  as  other  considerations  such  as  safety  and  maintainability  which  are  dis¬ 
cussed  in  later  sections  of  this  document.  The  mockup  shown  contains  sur¬ 
facing  material  containers  and  simulations  of  materials  dispensing  equipment 
and  controls  in  the  configuration  prior  to  the  final  component  placement  as 
illustrated  in  Figure  49. 
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Figure  49 :  HIGH  RA  TE  DISPENSING  EQUIPMENT  CONFIGURA  TION 
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Figure  50 :  SPACE  MOCKUP  -  HIGH  RA  TE  EQUIPMENT 
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3.4.2. 3  Component  Characteristics  and  Selection 

The  major  components  of  the  high  rate  equipment  system  are  the  carrier 
vehicle  (truck)  and  its  associated  components  (boom  and  turret,  power  plant, 
liquid  pumps,  tow  tractor,  roller  assembly,  and  cleaning  trough).  Prior  to 
component  selection  a  review  of  commercially  available  components  was  made. 
Those  that  satisfied  the  design  requirements  were  incorporated  into  the  equip¬ 
ment  system.  Items  not  commercially  availabl  e  such  as  the  glass  rollers  and 
roller  assembly  were  designed  based  on  experience  with  and  research  of 
previous  equipment  systems.  Factors  and  considerations  leading  to  major 
component  selection  along  with  calculations  of  critical  items  are  discussed  in 
the  following  sections. 

3.4.2.3.1  Carrier  Vehicle 

The  carrier  veh  cle  selected  for  the  high  rate  equipment  system  is  a  high  gross 
weight,  long  wheel  base  truck  per  MIL-T-45341.  It  was  obtained  with  a 
modified  transmission  to  enable  achieving  speeds  as  low  as  30  feet  per  minute. 
Table  20  lists  the  basic  requirements  and  capabilities  of  the  carrier  vehicle. 
Overall  dimensions  of  the  carrier  vehicle  are  shown  in  Figure  51.  A 
schematic  of  the  truck  transmission  modification  and  resulting  speeds  is  shown 
in  Figure  52. 

3.4. 2. 3. 2  Boom  and  Tu  rret 

A  means  of  supporting  the  fiberglass  and  spraybars  such  that  surfacing 
operations  could  be  carried  out  from  either  side  or  rear  of  the  carrier  vehicle 
over  surfaces  of  various  contours  was  required.  Therefore  a  hydraulically 
powered  boom  and  turret  was  selected.  Table  21  lists  requirements  and 
capabilities  of  the  selected  boom  and  turret.  The  boom  has  an  extendable 
section  thus  allowing  varying  widths  of  fiberglass  matting  to  be  used  in  the 
surfacing  system.  Certification  of  the  boom  and  turret  is  contained  in  the 
appendix. 

3.4.2. 3. 3  Power  Plant 

Data  for  the  selected  power  plant  is  presented  in  Table  22  and  was  based  on  a 
maximum  system  power  requirement  of  27  HP.  Although  the  engine  is  not  to 
military  specification  it  has  an  equivalent  rating  comparable  to  MIL-E-11275. 
Itwas  obtained  to  prevent  excessive  schedule  delay  as  no  comparable  military 
specification  engine  was  currently  in  production,  and  the  production  of  one 
engine  to  military  specification  would  necessitate  added  production  and  testing 
time  of  two  months.  Additionally  a  military  specification  engine  is  supplied 
without  starter,  starter  switches  or  fuel  tank  and  separate  procurement  action 
would  be  required  to  obtain  such  qualified  items.  Itwas  estimated  that  a 
minimum  of  3  months  additional  time  would  be  required  to  obtain  the  military 
specification  engine,  starter  switches,  fuel  tank  and  clutch  reduction  unit  and 
assemble  into  the  power  plant  package  resulting  in  a  total  lead  time  of  six 
months.  This  was  considered  excessive  and  approval  was  requested  and 
obtained  for  the  substitution  of  a  commercial  power  plant. 
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Table  20:  CARRIER  VEHICLE  (Sheet  1  of  3) 


D180-15 124-1 


1 

1.  Supplier  ft  Supplier  Pvt  Number. 
Diamond-Reo  per 

MIL-T-46341 

4.  Truck  has  mechanical  suspension 
system  lockout  in  order  to  obtain 
required  lateral  stability. 

*n)i|*q*c*0 

_ 

.  x  £  1  ill 

1  j  li  i  imf 

s  1®  *1  a  jtS|| 

If  !i  1 S  lip ! 

ji  il  Hi  li 

—  pi  rt  V 

e 

a 

ee  • 

| 

!«  !  j|  fill  I  i  l_i 

i,  ?  jji  i  f  s  i 

1 ;  I|  l‘i  pi!  j  j»}i  S 

lilll  111  illii 

—  ni  H  ♦' 

128 


D180-15124-1 


124 


Tab/e  20:  CARRIER  VEHICLE  (Confirm*/  -  She*  3  of  3) 
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Tiuck  Speed  Calculations: 

Low  Spaed  at  36%  Max.  Governed  RPM 


(Eng  RPM)  x 

(Tran.  ) 
Ratio 

x  (lit  Aux  ) 
Ratio 

x  (2nd  Aux 
Ratio 

)  x  ( Rear  Axle) 
Ratio 

x  (Miles)  x 
Per  Rev 

(Ft  Per) 

Mile 

3200  x  _36  x 

too 

1 

8.08 

x  1 

2.31 

x  1 

2.S0 

x  1 

8.6 

X  1  X 

506 

5280  = 

Hiflfi  Speed 

3200  x 

1 

1 

x  I 

1 

x  __L_ 
0.75 

x  JL 

8.6 

x  — L  X 

506 

5280  x  -g- 
5280 

Figure 52:  SCHEMATIC-  TRUCK  TRANSMISSION 
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Table  21 :  BOOM  AND  TURRET 
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Table  22 :  POWER  PLANT 
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3.4.2.3.4  Liquid  Pumps 

4s  previously  discussed  in  Section  3.4.1  the  high  rate  surfacing  system  was 
required  to  have  the  capability  to  apply  2  lb  per  sq  ft  surfacing  at  a  rate  of 
10,000  square  feet  per  hour.  A  vehicle  travel  speed  of  100  feet  per  minute 
was  determined  during  the  operational  usage  study  as  that  necessary  to  support 
the  required  surfacing  rate  while  dispensing  6. 5  feet  wide  fiberglass.  Also, 
since  the  system  is  required  to  dispense  fiberglass  rolls  as  wide  as  8  feet,  the 
100  ft/mln  speed  was  applied  to  twin  rolls  of  8  feet  wide  fiberglass  weighing  .4 
lb/sq  ft  as  a  basis  for  calculating  the  maximum  liquid  dispensing  rate.  A 
minimum  rate  was  selected  based  on  maintaining  consistent  minimum  resin 
pump  output  delivery.  As  an  example,  this  minimum  rate  provides  for  dis¬ 
pensing  a  single  roll  of  5  feet  wide,  .4  lb/sq  ft  fiberglass  at  120  ft/mln. 

Calculations  of  dispensing  rates  for  the  overall  liquid  system  and  for  catalyst, 
promoter  and  resin  are  presented  below.  Assuming  a  deposited  material 
comprised  of  40%  fiberglass  and  60%  liquids  (by  weight),  the  total  liquid  system 
dispensing  rates  are  as  follows: 

MAXIMUM:  8  ft  x  .  6  lb  liquid  x  100  ft_x  2  rolls  =  960  lbs  (total  liquid) 

sq  ft  min  min 

MINIMUM:  5  ft  x  ^6  lb  Uquid  x  120_ft_=  360  Jb  (total  liquid) 

sq  ft  min  min 

Catalyst  Pump:  The  surfacing  materials  were  required  to  cure  at  temperatures 
from  +40  F  to  +95  F  at  100%  relative  humidity  within  1  hour,  lb  provide  an 
acceptable  gel  time  of  approximately  10  to  30  minutes,  the  active  catalyst  flow 
rate  must  be  variable  from  approximately  .25  parts  per  100  parts  of  resin  by 
weight  (PHR)  to  1.  5  PHR.  The  catalyst  is  40%  active;  therefore,  the  actual 
liquid  flow  rates  are  .625  PHR  to  3.75  PHR.  Maximum  catalyst  required  occurs 
with  a  minimum  amount  of  promoter  entered  into  the  liquid  composition  and 
minimum  catalyst  required  occurs  with  a  maximum  amount  of  promoter 
entered  into  the  liquid  composition.  Therefore,  the  required  catalyst  dispens¬ 
ing  rates  are: 

MAXIMUM:  960  lbs  liquid  x  3. 75  lbs  catalyst  =  34.  6  lbs  catalyst 

min  104. 0  lb  liquid*  min 

MINIMUM:  360  lbs  liquid  x  .625  lbs  catalyst  =  2.20  lbs  catalyst 

min  102.125  lbs  liquid**  min 

(♦liquid  composition  is  100  parts  resin  +  3. 75  parts  catalyst  +0.25  parts  promoter) 

(♦♦liquid  composition  is  100  parts  resin  +  0. 625  parts  catalyst  +  1.5  parts  promoter) 

Based  on  the  calculated  catalyst  dispensing  rates  and  the  requirement  for  variable 
flow  rate  a  metering  type  pump  was  selected  for  this  application.  Table  23 
lists  the  requirements  and  capabilities  of  the  selected  pump. 
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3. 4. 2. 3. 4  Liquid  Pumps  (Cont) 

Promoter  Pump:  Similarly  to  the  catalyst  pump,  the  promoter  pump  selected 
must  provide  variable  flow  control  and  be  capable  of  supplying  sufficient 
promoter  (.25  PHR  to  1.5  PHR)  to  effect  surfacing  materials  cure  under  the 
stated  temperature  and  humidity  conditions.  The  maximum  and  minimum 
promoter  required  occurs  when  minimum  and  maximum  amounts  respectively 
of  catalyst  are  entered  into  the  liquid  composition.  Therefore  the  required 
promoter  dispensing  rates  are: 

MAXIMUM:  960  lbs  liquid  x  1.5  lbs  promoter  =  14. 1  lbs  promoter 
min  102.125  lbs  liquid*  min 

MINIMUM:  360  lbs  liquid  x  .25  lbs  promoter  =  .  865  lbs  promoter 

min  104. 0  lbs  liquid**  min 


(*llquid  composition  is  100  parts  resin  +  0. 625  parts  catalyst  +1. 5  parts 
promoter) 

(♦♦liquid  composition  is  100  parts  resin  +  3. 75  parts  catalyst  +  0.25  parts 
promoter) 

As  was  the  case  with  the  catalyst  pump  a  metering  type  pump  was  selected  for 
promoter  dispensing  and  Table  24  lists  the  requirements  and  capabilities  of 
the  pump  selected. 

Resin  Pump:  The  maximum  resin  amount  required  results  when  the  least 
amounts  of  catalyst  and  promoter  required  to  effect  cure  are  entered  into  the 
liquid  composition.  Minimum  resin  amount  required  results  when  the 
greatest  amounts  of  catalyst  and  promoter  required  to  effect  cure  are  entered 
into  the  liquid  composition.  Therefore,  based  on  maximum  and  minimum 
catalyst  and  promoter  required,  resin  dispensing  rates  are: 

MAXIMUM;  960  lbs  liquid  x  100  lbs  resin  =  951.7  lbs  resin 
min  100. 875  lbs  liquid*  min 

MINIMUM:  360  lbs  liquid  x  100  lbs  resin  =  342.0  lbs  resin 

min  105.25  lbs  liquid**  min 

(♦liquid  composition  is  100  parts  resin  +  0.625  parts  catalyst  +  0.25  parts 
promoter) 

(♦♦liquid  composition  is  100  parts  resin  +  3. 75  parts  catalyst  +  1. 5  parts 
promoter) 

The  positive  displacement  pump  described  in  Table  25  was  selected  based  on 
the  above  resin  dispensing  requirements  and  satisfactory  performance  of 
similar  type  pumps  used  in  the  On- Fast  system. 
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Table  24 :  TABLE  PROMOTER  PUMP 
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Table  25:  RESIN  PUMP 
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3.4.2. 3.5  Tow  Tractor 

Selection  of  a  vehicle  for  towing  the  roller  assembly  during  surfacing  opera¬ 
tions  was  based  on  the  Rapid-Site  system.  Therefore,  a  review  of  readily 
available  commercial  tractors  (Table  26)  was  accomplished  and  a  standard, 
gasoline  engine  powered,  commercial  type  tractor  shown  in  Figure  53  equipped 
with  an  SAE  Category  I,  3  point  hitch  was  selected.  This  type  of  hitch, 
equipped  with  a  lifting  mechanism,  was  required  to  support  the  1350  pound 
roller  assembly  and  aid  in  positioning  the  roller  assembly  during  surfacing  and 
cleaning  operations.  Additionally  the  selected  tractor  had  a  low  Breed  capa¬ 
bility  less  than  100  feet  per  minute.  This  low  speed  capability,  matching  that 
of  the  carrier  vehicle  when  applying  surfacing  materials  at  the  rate  of  10,000 
square  feet  per  hour,  allowed  synchronization  of  the  overall  surfacing 
operation. 

3.4.2.3.6  Roller  Assembly 

The  roller  assembly  design  was  based  to  a  large  extent  on  the  roller  assembly 
previously  used  with  the  Rapid-Site  System.  Basically  the  assembly  also  shown 
in  Figure  53  consists  of  rollers  and  supporting  framework  with  adapters  for 
attaching  to  the  tractor  lift  mechanism.  In  its  normal  configuration  both  5  and 
6. 5  foot  wide  fiberglass  may  be  rolled.  A  longer  pivot  tube  allowing  attachment 
of  additional  roll  segments  is  supplied  to  enable  rolling  8  foot  wide  fiberglass. 

TVro  items  were  considered  critical  in  the  design  of  the  rolling  equipment.  One 
was  the  minimum  degree  of  rolling  pressure  required  such  that  adequate 
strength  of  the  field  applied  surfacing  would  be  obtained.  The  other  wa  j  the 
configuration  of  the  roller  discs,  considered  of  prime  importance  to  ensure 
adequate  cleaning  of  the  rollers  during  field  surfacing  operations. 

In  order  to  define  the  minimum  rolling  effort  required  for  field  applied  materials, 
laboratory  surfacing  samples  were  fabricated  using  hand  rollers  and  applying 
various  rolling  pressures.  Single  pass  rolling  was  evaluated  to  ascertain  if 
satisfactory  surfacing  could  be  obtained  using  a  single  bank  of  rollers.  The 
maximum  number  of  passes  with  the  roller  was  held  to  two  as  the  practical 
maximum  required  for  achieving  the  required  surfacing  strengths.  This  was 
also  based  on  results  obtained  during  the  surfacing  materials  verification 
portion  of  program.  These  results  indicated  that  application  of  more  than  two 
passes  appeared  to  result  in  diminishing  returns  on  strength  increase.  Samples, 
fabricated  at  a  nominal  2  lbs  per  sq  ft,  were  composed  of  approximately  40% 
fiberglass  and  60%  resin  by  weight.  All  resin  formulations  were  1.0  PHR 
active  benzoyl  peroxide  (2.  5  PHR  catalyst  emulsion)  and  0.2  PHR  dimethyl 
aniline  promoter.  Test  specimens  were  obtained  from  the  prepared  samples 
and  tested  per  ASTM  standards  for  flexure,  tension,  and  shear.  Table  27 
summarizes  the  results  of  this  work.  In  general,  the  strength  test  results 
show  Increasing  strength  with  increasing  roller  pressure.  It  is  felt  that  this 
increase  is  a  result  of  a  higher  fiberglass  to  resin  ratio  occurring  as  the  added 
pressure  forces  an  increasing  amount  of  resin  out  of  the  laminate.  No 
correlation  was  obtained  in  the  percent  deviations  occurring  between  individual 
conditions  of  flexure,  tension  and  shear  for  a  given  roller  pressure  versus  one 
or  two  passes.  However,  the  average  of  the  percent  deviations  was  found  to  be 
lower  for  the  two  rolling  pass  condition.  For  the  single  pass  condition  the 
average  percent  deviations  ranged  from  3.7%  (shear)  to  7.0%  (tension)  and  for 
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Tabh  26:  TRACTOR  CHARACTERISTICS 


Nam* 

Modal 

Coat 

Weitfit 

SAE  Category  1 
3  Point  Hitch 
Available 

Low 

Soaad 

Capability 

Remarkt 

International 

154  Lo-Boy 

1 

No 

256  Ft/Min 

88  Ft/Min  Low 

Spaed  Available 

With  Optional  j 

Gearing 

Kubota 

L  210 

2,160 

Ym 

86  Ft/Min 

Diesel  Engine  - 
Not  Compatible  With 
Equipment  System 

Ford 

2000 

$4,000 

Total 

5,230 

Yet 

Lett  Than 

80  Ft/Min 

John 

Datre 

JO  301 

m 

4,180 

Yet 

106  Ft/Min 

1S6 
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Ttbh  27  :  ROLLING  PRESSURE  EVALUATION  SUMMARY 


Rolling 
Presaure 
(Lbs  per 
Lineel 
Inch  of 
Roller) 

Weight 
Added 
to  Roller 
(Lb) 

H 

Strengths  (PSI) 

Remarks 

Flexure 

Tension 

Sheer 

0.144 

0 

i 

@1 

£3 

£3 

Not  Strength  Tested  -  Largo 

Air  Pockets  Between  Fiberglass 

Laysrs  Both  1  &  2  Pass* 

2 

@1 

0.266 

1-1/4 

1 

9 

Incomplete  Resin  Penetration  - 
Numerous  Air  Bubbles  Evident 

Both  1  and  2  Pa*  Samples 

2 

41,806 

18.249 

14,666 

B 

2-1/2 

1 

41,367 

19.910 

mu 

Incomplete  Resin  Penetration- 
Air  Bubbles  Apparent 

2 

40464 

19.843 

|  E I 

Some  Incomplete  Resin  Penetration- 
Small  Amount  of  Resin  Displaced 

0.514 

3-3/4 

1 

42,273 

20.068 

15,106 

Same*  Above 

2 

42,364 

19.758 

14,862 

Good  Resin  Penetration  -  Noticeable 
Amount  of  Resin  Displaced 

5 

1 

42,287 

20,181 

15,821 

Same  as  Above 

2 

42,475 

15,636 

Good  Resin  Penetration  —  Large 

Amount  of  Resin  Displaced 

1.212 

10 

1 

43,728 

20,614 

15,652 

Complete  Resin  Penetration 

Large  Amount  of  Resin  Displaced 

Not*:  1  Specimens  Mad*  With  PPG  Resin  5000  SC19-143 

2  Minimum  Field  Rolling  Pressure  Required  0.632  Lb  per  Lineel  Inch  Aaumed 
All  Laboratory  Strengths  Exceed  Required  Field  Strengths  By  e  Minimum  of  25% 
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3.4.2.3.6  Roller  Assembly  (Cont) 

the  two  pass  condition  from  3.6%  (shear)  to  5.7%  (flexure).  Additionally,  as 
the  rolling  pressure  was  increased,  visual  observations  indicated  that  the 
frequency  and  size  of  air  bubbles  entrapped  in  the  laminate  decrease  while  the 
amount  of  resin  displaced  by  the  rolling  action  Increases.  This  resin  dis¬ 
placement  was  both  ahead  of  the  roller  in  a  'bow  wave'  manner  as  well  as 
laterally.  Based  on  the  above  evaluations,  as  well  as  the  previous  design  in 
the  Rapid-Site  System,  the  roller  assembly  design  provided  an  equivalent  two 
pass  operation,  the  equivalent  of  two  passes  being  achieved  by  tandem  roller 
banks  towed  by  a  single  vehicle. 

Prior  to  final  selection  of  the  roller  disc  configuration  a  roller  segment  of  the 
Rapid-Site  equipment  v/as  obtained  and  evaluated  for  both  rolling  and  cleaning 
effectiveness.  This  evaluation  was  accomplished  by  preparing  laminates 
directly  over  soil  and  subjecting  them  to  two  passes  with  the  roller  segment. 
Visual  observation  indicated  satisfactory  results  both  in  basic  laminates  and 
in  areas  of  overlap.  Cleaning  of  the  rollers  which  were  of  aluminum  alloy, 
was  difficult,  due  to  the  pronounced  corrosion  and  to  the  pronounced  rectangu¬ 
lar  cross-section  of  the  grooves.  Accordingly,  the  rollers  for  the  high  rate 
system  were  designed  utilizing  a  more  corrosion  resistant  aluminum  alloy 
(6061- T651).  The  roller  grooves  as  illustrated  in  Figure  54  were  designed 
with  a  slight  taper  on  the  sides  of  the  grooves  and  incorporated  a  circular 
rather  than  rectangular  section  at  the  bottom  of  the  grooves. 

3.4.2.3.7  Cleaning  Trough 

As  in  the  Rapid-Site  equipment  system  a  trough  was  provided  to  allow  adequate 
roller  cleaning  during  and  after  field  surfacing  operations.  Basically  similar 
to  the  Rapid-Site  equipment,  the  trough  is  of  sufficient  size  to  allow  cleaning  of 
the  8  foot  wide  roller  segment.  Roller  cleaning  is  accomplished  by  positioning 
the  rollers  in  the  solvent  filled  trough  and  manually  operating  the  nylon  bristle 
cleaning  brush. 

3.4.2.4  Fluid  Dispensing  System 

The  fluid  dispensing  system  for  the  high  rate  equipment  system  is  considered 
a  three  component  (resin,  catalyst,  and  promoter)  liquid  system.  Design  was 
based  to  a  large  extent  on  the  previous  liquid  systems  developed  for  the  On- 
East  equipment.  Figures  55,  56,  and  57  show  schematically  the  major  elements 
of  the  individual  reactive  liquid  systems  developed  during  the  Advanced  Systems 
program.  In  addition  to  the  above  liquid  systems  the  system  also  shown 
schematically  in  Figure  55  was  developed  to  adequately  clean  and  flush  all 
components  of  the  liquid  system. 

In  the  resin  system,  resin  is  drawn  from  either  liquid  container  through  3  inch 
flexible  suction  hoses.  During  surfacing  operations  resin  quantity  remaining  in 
these  containers  is  monitored  by  the  on-board  materials  tender.  Resin  flow 
from  the  containers  to  the  pump  is  controlled  by  means  of  a  manually  operated 
selector  valve.  From  the  discharge  side  of  the  resin  pump  (mounted  below 
deck)  a  3  inch  line  is  split  into  two  2-1/2  inch  lines  that  run  aft  to  just  forward 
of  the  boom  turret.  These  lines  are  routed  up  through  the  deck  at  this  point. 
Resin  flow  continues  to  the  individual  spraybars  as  illustrated  in  Figure  58. 
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Figure  54 :  ROL  L  ER  DISCS 
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Figure  56 :  CA  TA  L  YST  SYSTEM  SCHEMA  TIC 


144 


Figure  57 :  PROMO  TER  SYSTEM  SCHEMA  TIC 
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3.4. 2. 4  Fluid  Dispensing  System  (Cont) 

For  the  catalyst  system,  catalyst  Is  drawn  from  the  on-board  hopper  through 
a  2  inch  suction  line.  On  the  discharge  side  of  the  pump  the  catalyst  line  13 
reduced  to  1-1/2  inch  and  runs  below  deck  to  a  "tee”  connection.  Catalyst  flow 
is  split  at  this  point  into  two  1-1/4  inch  lines  that  run  to  the  two  catalyst  in¬ 
jection  points  on  one  of  the  2-1/2  inch  resin  lines. 

The  promoter  system  is  similar  to  the  catalyst  system  with  the  major  exceptions 
being  pump  and  line  size.  The  system  consists  of  a  3/4  inch  suction  line  and  a 
3/4  inch  pressure  line  to  the  "tee"  connection.  Two  5/16  inch  lines  run  from 
this  point  to  the  injection  points  on  the  other  2-1/2  inch  resin  line. 

In  the  cleaning  system,  the  resin  containers  are  removed  and  replaced  with 
standard  55  gallon  solvent  drums.  These  drums  are  provided  with  special 
adapters  for  connection  to  the  3  inch  resin  suction  line  dry  "quick  connect- 
disconnect"  fittings.  Solvent  may  then  be  drawn  from  either  drum  (controlled 
by  the  manually  operated  selector  valve)  and  by  means  of  the  resin  pump, 
pumped  through  the  resin  system.  Hie  catalyst  and  promoter  systems  are 
first  drained  of  any  reactive  liquids  remaining.  Sufficient  solvent  for  cleaning 
is  th»  i  placed  in  the  respective  liquid  containers.  This  solvent  may  be  added 
using  r.he  portable  solvent  spraygun  pump  unit  and  drawing  the  solvent  from  the 
on-board  solvent  drum.  Solvent  is  then  pumped  through  the  systems  by  means 
of  their  respective  pumps.  Since  the  catalyst  and  promoter  pumps  can  be 
operated  independent  of  the  resin  pump,  these  systems  may  be  cleaned  sepa¬ 
rately  if  desired.  After  satisfactory  solvent  flushing,  final  cleaning  is 
accomplished  by  delivering  air  under  pressure  through  each  liquid  system. 

An  air  hose  attached  to  the  air  supply  located  on  the  back  of  the  truck  cab  is 
used  for  this  purpose.  The  air  pressure  is  supplied  by  the  truck  air  compressor 
and  is  controlled  by  the  air  valve  located  on  the  truck  firewall. 

Prior  to  fabrication  of  the  fluid  dispensing  system  three  areas  of  design  were 
considered  critical.  One,  the  design  of  the  catalyst  plumbing  system  was 
critical  in  order  to  prevent  pump  cavitation  and  consequent  erratic  catalyst 
flow  particularly  at  low  ambient  temperatures.  Another  was  the  selection  of 
spraybar  nozzles  such  that  resin  application  to,  and  coverage  of,  the  fiber¬ 
glass  mat  would  be  adequate  for  all  conditions  of  resin  viscosity.  The  third 
area  considered  critical  was  blending  of  high  viscosity  catalyst  with  the 
relatively  low  in  comparison  viscosity  resin  and  blending  low  viscosity  promoter 
with  the  high  in  comparison  viscosity  resin.  Adequate  blending  was  required  to 
ensure  that  when  the  catalyzed  and  promoted  resin  was  externally  mixed  the 
resultant  material  would  cure  evenly  and  not  result  in  "hot  spots"  or  areas  of 
uncured  material. 

Investigations  and  tests  were  conducted  in  these  three  areas  and  the  results 
used  for  the  design  of  the  high  rate  fluid  system.  These  areas  were  also 
considered  critical  to  the  design  of  the  low  rate  fluid  system.  Therefore, 
these  tests  and  investigations  were  accomplished  to  provide  information  for 
the  design  of  both  the  high  and  low  rate  fluid  dispensing  systems. 
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3.4.2.4.1  Catalyst  System  Design 

The  worst  design  condition  for  the  catalyst  system  was  considered  to  be  at 
maximum  flow  when  the  temperature  of  the  catalyst  Is  40°F.  Because  the 
catalyst  is  thixotropic,  its  viscosity  varies  with  flow  for  constant  temperatures, 
therefore  conventional  viscosity  measuring  devices  are  not  effective  and  a 
special  test  was  devised  for  determining  catalyst  viscosity.  A  positive  dis¬ 
placement  pump,  available  from  previous  programs,  in  conjunction  with  plumb¬ 
ing  runs  that  simulated  the  planned  system  configuration,  was  used  to  pump  the 
catalyst.  Although  this  pump  was  not  a  metering  type  pump  it  was  used  to 
maintain  constant  catalyst  flow  in  order  to  eliminate  the  pulsing  effects  of  a 
metering  pump  that  could  result  in  erroneous  data  readings.  Catalyst  at  40°F 
was  pumped  at  the  maximum  required  rate  and  both  material  output  and  pressure 
drops  determined.  An  apparent  catalyst  viscosity  of  3740  centipoises  (CPS)  was 
determined  from  these  tests.  This  value  was  used  for  the  design  of  the 
catalyst  system. 

3.4.2A.2  Nozzle  Selection 

Nozzle  selection  was  based  on  a  series  of  tests  made  to  evaluate  various  spray 
nozzles  for  capability  to  provide  required  flow  and  fan  angles  for  resin 
viscosities  ranging  from  80  to  1600  CPS.  A  total  of  20  different  nozzle  varia¬ 
tions  were  tested  with  PPG  5000  SC19-1^  resin  at  40°F.  Five  of  these  were 
also  tested  with  Hetron  26540  resin  at  40  F.  Tests  included  measurement  of 
nozzle  output,  fan  angle,  pressure,  and  evenness  of  resin  distribution.  Figure 
59  shows  a  typical  nozzle  evaluation  test.  A  tendency  for  the  spray  pattern  to 
be  resin  heavy  at  the  edges  was  noted  for  all  nozzle  types  tested  with  increas¬ 
ing  pressure  and  viscosity  causing  the  condition  to  worgen.  The  spray  pattern 
was  found  more  even  and  wider  using  26540  resin  at  40  F  than  for  the  5000 
SC19-143,  as  would  be  expected  due  to  the  difference  in  the  resin  viscosities 
(720  CPS  for  26540  and  1000  CPS  for  SC19-143)  as  measured  during  nozzle 
testing.  Additional  nozzle  testing  was  accomplished  with  resin  at  1600  CPS 
and  at  a  range  of  viscosities  down  to  approximately  80  CPS.  A  Spraying 
Systems  9520  nozzle  was  found  acceptable  for  spraying  both  the  PPG  5000 
SC19-143  and  Hetron  26540  resin.  ^  mi-lmum  resin  viscosity  of  80  CPS 
occurs  when  the  26540  resin  is  at  95°F.  A  Spraying  Systems  11015  nozzle 
(modified  by  increasing  bore  size)  was  found  to  provide  an  acceptable  spray 
pattern  for  the  1600  CPS  viscosity  resin. 

3.4.2.4.3  Fluid  Blending 

Investigations  and  tests  were  made  relative  to  methods  of  achieving  improved 
resin/catalyst  and  resin/promoter  blending  over  that  used  in  the  On- Fast 
System.  Because  both  the  catalyst  and  promoter  metering  pumps  deliver  their 
respective  fluids  in  a  pulse  like  manner,  these  tests  were  also  used  to  determine 
the  best  method  of  injecting  the  catalyst  and  promoter  into  their  respective 
resin  lines.  Two  methods  were  considered.  One  was  installing  a  mixing 
plenum  chamber  just  forward  of  the  blender.  This  would  provide  sufficient 
volume  for  an  excess  of  catalyst  or  promoter  material  to  accumulate  pr  ior  to 
blending  thus  alleviating  the  pulsing  effect  of  the  pumps.  The  other  method 
consisted  of  dual  injectors.  This  would  essentially  halve  the  amount  of 
catalyst  or  promoter  Injected  at  either  point  while  doubling  the  frequency  of 
injection  thus  alleviating  the  pulsing  effect  of  the  pumps. 


148 


D180-15124-1 


Figure  59 :  NOZZL E  EVALU A  TION 
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3A.2.4.3  Fluid  Blending  (Cont) 

A  review  of  commercial  blenders  was  made  considering  both  applicability  and 
availability.  As  a  result  of  this  review,  a  blender  (manufactured  by  Kenics 
Corporation)  was  obtained  for  evaluation.  This  particular  type  of  blender  has 
no  moving  parts  and  consist  basically  of  alternate  sections  of  right  hand  and 
left  hand  helixes  and  has  been  used  successfully  In  industry  to  mix  a  variety  of 
materials  with  viscosities  ranging  up  to  a  pastelike  consistency.  This  21 
element  "Kenics"  blender  was  tested  at  various  flow  rates  at  resin  tempera¬ 
tures  from  27°F  (ambient)  to  95°F.  Resin/catalyst  and  resin/promoter  were 
blended  using  single  and  dual  injectors  both  with  and  without  a  mixing  plenum 
chamber.  Adequacy  of  blending  was  checked  by  measuring  the  gel  time  of 
samples  taken  from  various  points  along  the  spray  pattern  and  also  by  checking 
a  series  of  line  samples  to  verify  the  streamwise  distribution.  Except  for  some 
streakiness  at  the  8 %  setting  of  the  catalyst  pump  with  one  injector  and  no 
mixing  plenum  chamber,  all  blending  was  acceptable  with  variation  in  gel  times 
averaging  approximately  13%.  Figure  60  shows  a  schematic  of  the  test  setup. 
Based  on  satisfactory  performance  of  the  Kenics  type  blender  they  were  in¬ 
stalled  in  the  high-rate  fluid  dispensing  system.  The  testing  also  indicated 
that  dual  injection  in  conjunction  with  a  blender  was  the  most  satisfactory 
combination  for  blending  in  the  high-rate  system. 

3.4.2.4.4  Fluid  System  Calculations 

The  catalyst  and  resin  are  highly  viscous  when  at  40°F,  therefore  the  design 
of  the  plumbing  system  between  the  supply  containers  and  the  pump  so  as  to 
avoid  pump  cavitation  and  consequent  erratic  flow  was  of  prime  consideration. 
Plumbing  downstream  of  the  pumps  was  of  equal  important  to  ensure  adequate 
pressure  capability  of  the  pump  and  other  system  components.  Pressure  drops 
were  computed  using  the  following  relationship  taken  from  Crane  Company, 
Technical  Paper  No.  410  (Reference  17)  for  laminar  flow  in  straight  pipe: 


AP  - 


.000273  PDQ 
,4 


Where : 


AP  =  Pressure  differential  in  PSI 
V  =  Viscosity  in  centipoise  (CPS) 

L  =  Pipe  length  in  feet 
Q  =  Flow  in  gallons  per  minute 
d  =  Pipe  inside  di°  meter  in  inches 

Components  of  the  system  such  as  valves  and  fittings  were  generally  assigned 
an  equivalent  length  of  straight  pipe  based  on  test  exerpeince  and  recommendations 
in  Reference  17.  The  40°F  viscosity  assigned  to  the  catalyst  was  3,740  cps  based 
on  pressure  measurements  taken  during  pumping  tests  at  the  approximate  maximum 
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Figur*  60 :  BLENDING  TEST  SETUP 
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3.4.2.4.4  Fluid  System  Calculations  (Cont) 

required  flow.  A  typical  calculation  is  as  follows  for  the  catalyst  system. 
Since  the  catalyst  pump  is  a  reciprocating  single  piston  type,  peak  flow  is 
greater  than  the  average  flow  as  follows: 

For  a  reciprocating  piston  of  diameter  d  and  stroke  L 


Piston  Area ,  A  = 


Pump  displacement,  D  = 
Operating  at  a  stroking  speed  S;  (RPM) 


Ld27r 

4 


Average  flow  Qa  =  SD  = 


SLd2?r 

4 


Maximum  Piston  Velocity  Vp  =  LirS 

T 

Peak  flow  Qp  =  VpA  =  ^  39- 


Qp 


Qa 


Lff2Sd2 

4 

SLd2ff 

4 


Hie 

The 


Qp  =  n  Qa 

n  dximum  required  average  flow  is  34.6  lb/min 
Qp  =  irQa  =  3.1416  x  34.6  lb/min  x 


9. 8  lb/gal 


=  11. 09  gal/min 


Therefore  A  P  for  3  inch  sched.  40  pipe 

_  (.00273)  (3,740  cps)  (1  ft)  (11.09  gpm)  =  >128  pBi/ft 
3. 0684  inch 

Equivalent  length  for  a  double  ball  check  unit  based  on  data  is  140  diameters. 
Equivalent  length  then  is 


140  dia  x  3.068  in/dia  „ 

12  in/ft  "  35'8ft 
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3.4.2.4.4  Fluid  System  Calculations  (Cont) 

AP  for  double  ball  check  unit  =  35. 8  ft  x  .  128  psi/ft  =  4. 58  psi 

Hie  pressure  drops  attributable  to  other  components  of  the  resin  and  catalyst 
system  were  similarly  computed. 

Because  the  promoter  is  of  low  viscosity,  (close  to  that  of  water)  flow  is  turbulent 
at  the  peak  flow  condition.  System  pressures  were  calculated  using  procedures 
similar  to  that  described  above  except  that  the  following  formula  (Reference  17) 
was  used: 


AP  = 


.001294  fLpv2 
d 


Where: 

f  =  Friction  factor 
L  =  Pipe  length  in  feet 
p  =  Fluid  density  in  pounds  per  cubic  foot 
v  =  Mean  velocity  in  feet  per  second 
d  =  Pipe  inside  diameter  in  inches 

3.4.2.5  Methods  for  Controlling  the  Material  Dispensing  Rates 

Hie  overall  drive  system  from  engine  to  the  liquid  pumps  is  shown  schematically 
in  Figure  61.  Detail  information  on  the  engine  and  pump  capabilities  has  been 
presented  in  Section  3. 4. 2. 3.  Figure  62  shows  materials  dispensing  rate  control. 
Basically,  the  method  for  controlling  the  resin  dispensing  rate  for  a  given  truck 
ground  speed  is  accomplished  by  varying  the  engine  rpm  for  a  selected  power 
take-off  ratio.  Additional  variation  can  be  achieved  by  changing  the  power  take¬ 
off  ratio.  Hie  catalyst  and  promoter  dispensing  rates  are  accomplished  in  the 
same  manner  as  noted  for  the  resin,  with  a  constant  speed  ratio  maintained 
between  the  resin  pump  and  the  catalyst  and  promoter  pumps.  This  is  achieved 
by  use  of  the  power  divider  and  power  take-offs  (See  Figure  61).  Further  control 
of  the  catalyst  and  promoter  pumps  output  in  any  speed  range  is  attained  by 
adjustment  of  the  pumps  metering  control. 

The  rate  of  fiberglass  dispensing  is  controlled  by  truck  ground  speed.  For  given 
pump  settings,  quantity  of  liquids  dispensed  per  square  foot  may  also  be  varied 
as  a  direct  function  of  truok  speed. 

3.4.2.6  Operator  Controls  and  Instruments 

Hie  operator  controls  and  instruments  for  the  high-rate  surfacer  fall  into  three 
basic  categories:  the  truck  driver's,  the  on-board  materials  tender's,  and  the 
equipment  operator's. 
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Figure  61 :  PUMP  DRIVE  SYSTEM.  HIGH  RA  TE  SURF  ACER 
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Figure  62 :  MA  TER! A LS  DISPENSING  RA  TE  CONTROL .  HIGH  RA  TE  SUR FACER  (SC  19- 143  RESIN ) 
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3.4.2. 6  Operator  Controls  and  Instruments  (Cont) 

The  truck  driver's  controls  and  instruments  include  the  conventional  type 
required  to  dr  ve  the  truck  and  monitor  systems  during  highway  operation  as  well 
as  the  additional  items  required  during  surfacing  operations.  These  items  include 
slow  speed  transmission  control,  slow  speed  indicator,  a  guiding  aid  for  main¬ 
taining  a  straight  path  and  desired  overlap,  signal  indicator  and  "Go-Stop"  lights 
for  communication  between  driver  and  equipment  operator. 

Hie  on-board  materials  tender's  controls  and  instruments  consist  of  a  selector 
value  for  switching  connection  to  the  resin  liquid  containers.  Liquids  remaining 
are  monitored  by  periodic  visual  observation.  Resin  quantity  remaining  is  deter¬ 
mined  by  observing  the  gage  marks  printed  on  the  resin  container  cardboard 
lining.  High/low  liquid  level  indicators  are  provided  in  the  promoter  and  catalyst 
hoppers. 

Hie  equipment  operator's  controls  and  instruments  include  those  required  to 
control  and  monitor  engine  and  pumps,  control  the  boom  and  turret,  and  communi¬ 
cate  with  the  truck  driver.  A  schematic  depicting  controls  and  instruments 
location  is  shown  in  Figure  63.  Figure  64  shows  the  equipment  operator's 
instrument  panel. 

3.4.2.7  System  Transportability 

For  ground  transport  involving  appreciable  distance  the  surfacer  with  boom  and 
turret  would  function  as  a  conventional  truck  and  is  capable  of  maintaining  normal 
convoy  speeds.  All  surfacing  materials  as  well  as  the  resin  containers  would  be 
removed.  The  fiberglass  and  resin  spraybar  support  structure  would  be  positioned 
to  the  rear  of  the  truck  and  secured  by  bolting  the  vertical  support  strut  to  the 
bracket  provided  on  the  truck  bed.  Items  such  as  special  tools,  alignment  guide 
and  portable  solvent  spraygun-pump  unit  would  also  be  stowed  on  the  surfacer. 

Hie  rolling  equipment  including  tractor,  rollers  assembly  (detached  from  tractor) 
and  cleaning  trough  would  be  carried  by  a  separate  truck/flatbed  trailer.  For 
local  off  highway  transport  between  sites  the  equipment  could  be  moved  while  in 
surfacing  configuration. 

For  air  transport  the  surfacer  can  be  carried  by  C-130  aircraft.  The  configu¬ 
ration  would  be  as  follows:  Promoter  and  catalyst  hoppers  are  removed  as  is  the 
lower  portion  of  the  fiberglass  spraybar  support  assembly.  These  items  as  well 
as  the  rolling  equipment  would  require  an  additional  aircraft  for  simultaneous 
deployment  unless  an  aircraft  larger  than  a  C-130  was  employed  as  a  carrier. 

3.4.2.8  Calculations  for  Stability 

Stability  of  the  high-rate  surfacer  was  of  paramount  concern  due  to  the  require¬ 
ment  for  surfacing  to  the  side  of  the  truck  particularly  on  a  lateral  slope  of  20%. 
Accordingly,  thorough  analysis  was  made  of  this  condition.  The  following  para¬ 
graphs  present  a  weight  and  balance  summary  of  this  condition  and  two  other 
critical  conditions. 
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Figure  64  CONTROL  PANEL  -  HIGH  RA  TF  EQUIPMENT 


D180-15 124-1 


3.4. 2. 8  Calculations  for  Stability  (Cont) 

The  high-rate  application  equipment  was  analyzed  in  the  three  conditions 
considered  to  be  the  most  critical  because  of  possible  tipping  or  load  distribution. 
Hible  28  shows  a  tabulation  of  some  of  the  major  items  affecting  stability.  A 
complete  listing  of  all  items  has  not  been  shown  hi  order  to  avoid  excessive 
detail.  The  three  conditions  analyzed  were: 

1)  Boom  and  turret  are  to  the  extended  position  on  the  left,  with  8-foot  wide 
full  rolls  of  glass  spaced  for  6-in.  overlap,  with  liquid  containers  on  the 
left  all  full  and  with  the  right  resin  container  empty,  promoter  drum 
removed,  promoter  hopper  1/4-full,  and  the  solvent  container  empty. 

The  truck  is  on  a  20%  slope  to  the  left.  A  typical  type  of  calculation  is 
shown  in  Figure  65. 

2)  Boom  and  turret  are  to  the  extended  position  on  the  right,  with  8-foot 
wide  full  rolls  of  glass  spaced  for  6-in.  overlap,  with  liquid  containers 
on  the  right  all  full,  the  left  resin  container  empty,  catalyst  drum 
removed  and  catalyst  hopper  1/4-full.  The  truck  is  on  a  20%  slope  to 
the  right.  A  typical  type  of  calculation  is  shown  in  Figure  66. 

3)  Boom  and  turret  are  to  the  rear  of  the  truck  with  full  rolls  of  glass  and 
with  all  liquid  containers  full. 

The  resultant  stabilizing  load  for  condition  1  above  is  5,359  pounds. 

The  resultant  stabilizing  load  for  condition  2  above  is  8,368  pounds. 

The  maximum  calculated  load,  including  the  weight  of  the  truck  chassis  per 
condition  3  above,  'vas  found  to  be  36,156  pounds  with  25, 836  pounds  on  the 
rear  axles  and  10,320  pounds  on  the  front  axle.  These  loads  are  within  the 
specification  limits  for  the  truck  (Reference  Table  20). 

The  stability  data  above  was  based  upon  calculated  weights  and  tends  to  show 
good  stability  even  in  the  most  extreme  conditions.  Verification  of  the  calculated 
data  was  accomplished  by  performing  the  simple  tipping  test  shown  in  Figure  67. 

The  rolling  equipment  was  also  analyzed  for  stability.  The  worst  condition  occurs 
when  traversing  a  20%  side  slope  with  the  roller  assembly  on  the  low  side  and 
raised  from  the  surface.  However,  even  this  situation  did  not  appear  critical 
as  counterbalancing  was  required  to  alleviate  asymmetrical  loading  on  the  tractor 
lift  mechanism.  Considering  this,  a  resultant  stabilizing  load  of  2,803  pounds 
at  the  centerline  of  the  tractor  was  calculated  as  is  illustrated  in  Figure  68. 

3.4.2.9  Trade-Offs 

As  previously  discussed,  basic  system  concepts  and  approaches  were  established 
at  the  beginning  of  the  program.  Therefore,  the  trade-offs  which  were  made 
during  the  course  of  the  equipment  system  design  were  made  at  the  subsystem 
or  component  level.  Hie  significant  trade-offs  that  were  made  and  the  resulting 
selections  are  discussed  in  the  following  paragraphs. 


Table  28:  TYPICAL  WEIGHT  &  BALANCE  TABULATION 
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Figure  66  TYPICA  L  STABILITY  CALCULA  TION  -  SURFACING  TO  RIGHT  ON  SLOPE 
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Figure  67 :  TIPPING  TEST  -  HIGH  Ft  A  TE  EQUIPMENT 
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Assumptions : 

Tractor  is  on  a  20%  Slope  to  the  Left  Rollers  are  Elevated. 
Tractor  is  Ford  2000 


Moment  -  I  (WTj)  (cot  0)  (b  +  RBL,  -  WL,  Tan  0)  +  2  (WT2)  (cos  0)  (b  -  LBL2  -  WL?  Tan  0) 

About  -  2  (WT,)  (29.42+ .9606  RBLf  .1969  WL,)  +  2  (WT2)(29.42  -  .9806  LBL2  -  .1959  W'-2) 

Equivalent  Rioting  Load  at  Tractor  at  Axle  Height  -  2803  Lbt. 


Ftgun  68 :  ROLLING  EQUIPMENT  BALANCE  DA  TA 
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3.4. 2. 9  Trade-Offs  (Cont) 

A  modified  commercial  boom  and  turret,  hydraulically  actuated  was  selected 
over  a  specially  designed  and  fabricated  equivalent  for  support  and  positioning 
of  fiberglass  rolls  and  resin  spraybars.  The  modified  commercial  article 
was  selected  on  the  basis  of  minimum  development  and  history  of  satisfactory 
operation  of  such  equioment. 

large  capacity  r*  .  ^rs  for  the  on-board  containment  of  promoter  and 

catalyst  were  sen  er  both  standard  drum  containers  and  small  manifolded 

containers.  The  .  .rge  capacity  hoppers  on  NCEL's  recommendation  were  evalu¬ 
ated  and  selected  on  the  basis  of  more  efficient  use  of  manpower,  simplified 
gaging  for  materials  remaining  determination,  improved  safety,  and  greater 
surfacing  efficiency.  It  should  be  noted  that  the  hoppers  are  filled  from  sti  ndard 
promoter  and  catalyst  drums.  If  desired,  full  drums  can  be  mounted  above  the 
hoppers  thus  allowing  greater  surfacing  capacity  particularly  during  cold  weather. 

Flexible  hoses  were  selected  over  rigid  tubing  in  conjunction  with  ball  joints  for 
usage  in  the  resin  containers  to  resin  pump  plumbing  system.  Flexible  hoses 
were  selected  on  the  basis  of  improved  ease  of  manipulation  during  line  connect- 
disconnect  operations  and  reduced  pressure  drop  in  the  flexible  hose  system. 

Liquid  level  gage  marking  was  selected  over  float  type  indicators,  weighing  scales, 
pressure  gage  system ,  or  transparent  tubes  for  determining  amount  of  liquids 
remaining  in  containers  (resin,  catalyst,  and  promoter).  Liquid  level  markers 
were  selected  on  the  basis  of  maximum  simplicity,  ease  of  reading  and  minimum 
development. 

Surface  rolling  equipment  utilizing  tandem  rollers  was  selected  over  incorporating 
a  reciprocating  feature  in  the  rolling  equipment  to  provide  multiple  roller  passes. 
This  version  was  selected  on:  1)  the  basis  of  laboratory  results  which  indicated 
that  diminishing  returns  on  laminate  strength  occurred  if  more  than  two  roller 
passes  were  employed  and  thus  the  addtional  complexity  of  reciprocating  equipment 
was  not  justified  and  2)  the  basis  of  similarity  to  the  Rapid-Site  equipment  which 
had  demonstrated  reasonably  satisfactory  performance. 

Boom  and  turret  positioning  by  controls  located  directly  on  the  instrument  panel 
was  selected  over  controls  positioned  on  a  pendant.  Controls  located  on  the 
instrument  panel  were  selected  on  the  basis  of  better  overall  controls  integration 
and  simplicity.  Also,  i*  did  not  appear  necessary  to  provide  capability  to  position 
the  boom  and  turret  from  more  than  one  operator's  station. 

Location  of  the  engine  clutch  control  lever  on  the  side  of  instrument  panel  was 
selected  over  location  directly  on  the  clutch  assembly.  location  on  the  side  of 
the  instrument  panel  was  selected  on  the  basis  of  better  controls  integration, 
simplification  of  operator's  tasks,  and  minimizing  deck  clutter. 

Special  portable  spraygun  and  pump  unit  for  solvent  cleaning  the  deck  and  equipment 
was  recommended  by  NCEL,  investigated  and  selected  over  hand  cleanup.  The 
spraygun  pump  unit  was  selected  on  the  basis  of  convenience,  less  solvent  wasteage 
and  more  efficient  cleaning  as  had  been  indicated  during  field  usage  of  the  On-Fast 
system. 
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3.4. 2. 9  Trade-Offs  (Cont) 

Surface  rollers  clea  accomplished  by  positioning  the  rollers  in  a  solvent 
trough  with  roller  brushes  was  selected  over  cleaning  with  a  spraygun  or 
utilizing  throwaway  polyethylene  sleeves  over  the  rollers.  Trough  and  brushes 
were  selected  on  the  basis  of  similar  Rapid-Site  equipment  having  demonstrated 
generally  satisfactory  performance. 

3.4.2.10  System  Fabrication 

Based  on  the  above  equipment  design  and  system  requirements,  fabrication  of  a 
high  rate  equipment  system  was  accomplished.  Assemblies  such  as  the  roller 
frame  structure  (1  igure  69)  were  fabricated  concurrent  with  component  procure¬ 
ment  and  fabrication  of  the  truck  bed  (Figure  70).  Subsequent  to  truck  bed 
fabrication  and  installation  on  the  carrier  vehicle,  major  components  such  as 
engine  (Figure  71),  turret  (Figure  72),  and  boom  (Figure  73)  were  installed  on 
the  truck  bed  and  assembly  of  items  such  as  the  control  stand  (Figure  74) 
accomplished. 

Checkout  of  the  resin,  catalyst,  and  promoter  pumps  was  accomplished  prior 
to  installation.  The  planned  plumbing  runs  on  both  the  inlet  and  outlet  sides  of 
the  pumps  were  simulated  for  this  checkout  procedure,  Pump  settings  versus 
output  were  established  for  the  delivery  rates  required  and  system  pressures 
were  verified.  All  pumps  exhibited  satisfactory  performance  including  capability 
of  the  resin  pump  to  deliver  resin  with  a  viscosity  of  1,600  cps  at  the  required 
rate  and  with  adequate  pressure  for  sprayability.  After  satisfactory  checkout 
of  the  liquid  pumps  they  were  mounted  on  the  truck  bed  and  final  instillation 
of  the  plumbing  systems,  controls  and  other  miscellaneous  items  required  for 
systems  test  accomplished. 

3.4.3  DESIGN  REQUIREMENTS  -  LOW  RATE  EQUIPMENT  SYSTEM 

The  basic  requirement  for  the  low  rate  equipment  system  was  the  same  as  for 
the  high  rate  equipment  system  except  for  surfacing  rate  and  carrier  vehicle. 
Design  and  fabricate  an  equipment  system  capable  of  applying  the  surfacing 
materials  on  previously  prepared  surfaces  such  that  a  continuous,  waterproof, 
load  bearing  surface  would  be  obtained.  In  addition  the  low  rate  equipment 
system  was  designed  to  the  following  specific  requirements. 

Number  of  operating  personnel:  The  system  shall  be  capable  of  being  operated 
with  a  military  crew  of  not  more  than  5  personnel  functioning  without  external 
support  other  than  delivery  by  others  to  the  work  area  vicinity  the  follo'i  mg  items: 
power  unit  fuel,  lubricants,  and  surfacing  materials  necessary  to  apply  the 
specified  surface  covering. 

Surfacing  characteristics:  The  system  shall  have  the  capability  for  applying 
the  liquid  materials  at  various  flow  rates  and  for  dispensing  various  weights 
of  fiberglass  matting  so  that  different  weights  of  surfacing  can  be  applied  over 
various  subgrades  to  provide  a  final  surface  coating  compatible  with  the  particular 
soil  properties  and  intended  usage.  A  multilayer  laminate  is  permissible  to  attain 
the  specified  total  surfacing  weights.  Impervious  soils  may  require  application 
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Figure  69 :  ROL  L  ER  FRAME  ASSEMBL  Y 


Figure  70 :  TRUCK  BED  FAB  RICA  TIOl 


Figure  73 :  BOOM  INST  A  L  LA  TION 


Figure  72 :  TURRET  INSTALLA  TION 


TRUCK  BED  FAB  RICA  TION 


Figure  7 1 :  ENGINE  INST  A  L  LA  TION 


BOOM  INSTALLATION 


Figure  74 :  CONTROL  STAND  FABRICA  TION 


HIGH  RATE  EQUIPMENT  SYSTEM  FABRICATION 


171  172  (blank) 


D180-15 124-1 


3.4.3  DESIGN  REQUIREMENTS  -  LOW  RATE  EQUIPMENT  SYSTEM  (CONT) 

of  smaller  amounts  of  resin  in  order  to  achieve  proper  resin-to-glass  ratios 
than  sandy  soil;  however,  the  resin-to-glass  ratio  in  the  actual  cover  over  the 
soil  shall  be  the  same  for  any  soil  type. 

Application  weights:  The  application  of  the  surface  materials  shall  provide  a 
2-pound  per  square  foot  surface  which  may  be  applied  in  2  layers  each  at  1  pound 
p  er  square  foot  or  if  feasible  in  1  layer  at  2  pounds  per  square  foot.  The 
application  weight  of  2  pounds  per  square  foot  is  nominal;  the  optimum  weight 
is  that  at  which  the  fiberglass  is  neither  resin-starved  nor  resin-rich.  By 
varying  the  fluid  pumping  rate,  ground  speed  or  spray  coverage  rate  to  produce 
the  desired  surface,  the  system  shall  be  capable  of  applying  a  variable  surface 
covering  weight  up  to  and  including  4  pounds  per  square  foot  with  multilayer 
laminates  using  different  mat  weights. 

Application  areas:  The  system  shall  be  capable  of  applying  the  surfacing  materials 
specified  above  on  areas  specified  above  and  also  on  areas  such  as  revetments, 
earth-covered  shelters,  bunkers,  dikes,  shelter  roofs  and  similar  areas.  The 
system  shall  be  capable  of  operation  on  rectangular,  oval,  circular  or  irregularly 
shaped  area  surfaces. 

1)  Level  surfaces 

2)  Vertically  curved  surfaces 

3)  Sloped  surfaces 

4)  Uneven  surfaces 

Application  rates:  The  system  shall  be  capable  of  completing  2  pc  mds  per  square 
foot  of  polyester  resin  fiberglass  at  the  rate  of  2,000  square  feet  per  hour  for  not 
less  than  6  continuous  hours.  The  surfacing  shall  continue  for  the  specified  6  hours 
without  ..ecessity  for  interruption  of  the  surfacing  operations  for  equipment  adjust¬ 
ments,  cleaning,  preparation,  processing,  preventative  or  corrective  maintenance, 
or  repair. 

Trailer  mounted:  The  system  shall  be  mounted  on  a  trailer,  such  as  M794  or 
XM525,  and  have  a  base  frame  structure  which  has  4-way  forklift  provisions  for 
th*  r  -ation  equipment  components  as  well  as  providing  a  stable  base  for  the 
pu.  i*  it  when  resting  on  the  ground  or  when  being  transported  on,  or  operating 

froi.  deles  other  than  the  trailer. 

Trailer:  The  trailer  used  as  part  of  the  application  system  equipment  items  shall 
be  designed  and  constructed  in  accordance  with  MIL-M-008090E  for  the  mobility 
type  and  group  applicable  to  its  use. 

Mobility:  The  system  shall  have  the  mobility  of  the  carrier  trailer  unit.  Mobility 
or  flotation  improvement  efforts  shall  be  limited  to  wheel  and  tire  revisions  or 
replacements. 


\ 
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3.4.3  DESIGN  REQUIREMENTS  -  LOW  RATE  EQUIPMENT  SYSTEM  (CONT) 

Spraybar  assembly:  [Tie  system  shall  dispense  the  fluid  surfacing  materials, 
properly  mixed  and  blended,  by  means  of  a  manually  held  spraybar  assembly  at 
any  desired  rate  up  to  ;*t  least  55  pounds  per  minute. 

Spray  radius:  The  system  shall  permit  spraying  the  resin  material  throughout 
a  semicircular  area  having  a  radius  of  not  less  than  50  feet  without  moving  or 
relocating  the  pumping  unit. 

Fluid  system:  The  system  shall  incorporate  an  external  catalyzation  method 
such  that  the  combining  of  components  which  brings  about  the  curing  of  the  resin 
takes  place  beyond  the  discharge  nozzles  of  the  spraybar  assembly. 

Yoke-type  adapters:  The  system  shall  include  a  yoke -type  adapter  for  unrolling 
and  emplacing  the  fiberglass  matting  onto  the  ground,  and  the  yoke-type  adapter 
shall  be  capable  of  accommodating  fiberglass  up  to  5  feet  wide  as  well,  as  the 
width(s)  selected  by  the  contractor.  The  adapter  shall  be  capable  of  being 
attached  to  and  towed  by  a  standard  military  vehicle  furnished  by  others,  or  of 
being  pulled  by  operating  personnel.  A  special  tool  for  cutting  fiberglass  may 
be  considered  for  more  efficient  operation. 

Material  simply  and  replenishment:  The  system  shall  employ  a  liquid  material 
supply  and  replenishment  method  designed  to  facilitate  loading  and  handling 
and  to  reduce  materials  wastage. 

Cleaning  and  flushing:  .The  system  shall  have  an  integral  cleaning  and  flushing 
system,  including  separate  solvent  storage,  on  the  trailer,  which  can  circulate 
solvent  through  the  entire  application  equipment  fluid  system  to  thoroughly  clean 
and  remove  any  liquid  residue  which  might  otherwise  solidify  \%  ithin  the  system 
lines  or  components.  On-board  waste  storage  shall  be  provided. 

Component  completeness:  The  system  shall  be  complete  and  all  items  such  as 
suction  hoses,  flushing  manifolds  and  special  supply  container  fittings  necessary 
to  apply  the  surfacing  and  maintain  the  application  equipment  shall  be  included 
and  storage  provisions  for  these  components  shall  be  a  basic  part  of  the  pumping 
unit. 

3.4.4  LOW  RATE  EQUIPMENT  SYSTEM  DESIGN 

The  low  rate  equipment  was  designed  and  fabricated  based  on  the  performance/ 
design  requiremements  discussed  in  the  previous  section.  Items  considered 
critical  to  the  low  rate  equipment  system  along  with  the  factors  and  other 
considerations  leading  to  their  selection  are  discussed  in  the  following  para¬ 
graphs.  Critcal  calculations  for  the  selected  items  are  also  included  in  the 
discussion. 
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3.4.4. 1  Configuration 

The  initial  configuration  selected  for  the  low  rate  equipment  has  previously 
been  shown  in  Figure  39.  The  final  configuration  is  shown  in  Figure  75.  The 
major  change  is  the  replacement  of  the  catalyst  and  promoter  drum  type  con¬ 
tainers  with  the  on-board  storage  containers  and  the  attendant  relocation  of 
the  solvent  drum.  These  containers  are  identical  in  size  and  incorporate  all 
the  features  as  those  of  the  high  rate  equipment  system.  These  "hopper"  type 
containers  are  used  for  reasons  previously  noted  and  to  provide  commonality 
between  both  equipment  systems. 

3.4.4.2  Placement  of  Components 

A  full  scale  space  mockup  of  the  removable  materials  dispensing  equipment 
platform  was  constructed  prior  to  final  component  selection.  The  mockup 
shown  in  Figure  76  contains  simulations  of  major  items  of  the  materials  dis¬ 
pensing  equipment  (engine,  drive  train,  resin  pump,  catalyst  and  promoter 
pump,  control  stand,  and  hose  reel).  One  feature  evident  in  the  mockup  is  the 
weatherproof  enclosure  completely  surrounding  the  equipment  platform.  This 
feature  was  eliminated  from  further  design  consideration  due  to  its  hampering 
effect  on  overall  equipment  operation.  In  addition,  visibility  provided  for  the 
equipment  operator  was  severely  reduced.  To  achieve  maximum  personnel 
efficiency  and  convenience  the  weatherproof  enclosure  was  replaced  with  guard 
rails  at  critical  areas  and  protective  covers  were  supplied  for  the  control  stand 
and  engine. 

3.4.4.3  Component  Characteristics  and  Selection 

The  major  components  of  the  low  rate  equipment  system  are  the  trailer,  the 
components  of  the  removable  materials  dispensing  equipment  platform  (power 
plant  and  liquid  pumps),  fiberglass  dispensing  yoke,  and  the  fiberglass  rolling 
equipment  (fiberglass  roller  and  roller  cleaning  tank).  As  was  the  case  with 
the  high  rate  equipment  component  selection  commercially  available  items  were 
selected  wherever  possible.  Those  items  not  commercially  available  such  as 
the  trailer,  the  fiberglass  dispensing  yoke  ard  rolling  equipment  were  designed 
based  on  previous  equipment  systems.  A  diicuss:on  of  the  factors  and  other 
considerations  leading  to  the  component  selected  or  design  approach  used  is 
presented  in  the  following  paragraphs. 

3.4.4.3.1  Trailer 

Prior  to  designing  the  trailer  provided,  a  review  of  military  inventory  trailers 
was  accomplished.  A  trailer  was  sought  that  could  provide  sufficient  space 
and  payload  capacity  for  the  surfacing  materials  containers,  removable  equip¬ 
ment  pallet,  and  had  ample  storage  room  for  items  such  as  the  glass  dispensing 
yoke.  This  fully  loaded  trailer  was  estimated  to  weigh  approximately  18,000 
pounds.  No  suitable  military  trailer  was  found  that  met  both  the  space  and 
weight  requirements.  Therefore  a  trailer  was  designed  brsed  on  these  and 
other  specified  requirements  (Thble  29)  and  led  to  the  general  arrangement  and 
the  data  used  for  design  shown  in  Figure  77. 
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Figure  ’5.  LOW  RATE  DISPENSING  EQUIPMENT  CONFIGURATION 
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Table  29 :  TRA HER  CHASSIS,  4-WHEEL 
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1. 

Running  Gear 

Per  MIL-M-OO8O0OE  Type  III  Group  C 

2. 

Payload  Capacity 

13,000  Lb 

3. 

Tiraa 

10.00  x  20,  Nondiractional  Cross  Country  Tread 

4. 

Wheals 

20  x  7.5  Military,  Per  Ord.  No.  D7389618 

5. 

Track 

80  Inches 

6. 

Suspension 

Leaf  Spring  with  Shock  Abeorbars 

7. 

Steering 

Front  Axle,  Ackerman  Type 

8. 

Brakes 

Air  Over  Hydraulic  with  Mechanical  Parking  Brakes  (AM  Wheals) 

9. 

Pintls  Hook 

Per  MS  51118 

10. 

Wheel  base 

200  Inches,  Ap  vox. 

11. 

Tow  bar 

Hinged  Type  with  Lunette  Eye  and  Latch 

12. 

Towing  Speed 

60  MPH  Maximum 

13. 

Operating  Surface 

Highway,  Graded  Gravel  and  Cross  Country 

14. 

Ground  Clearance 

14  Inches,  Minimum 

15. 

Electrical 

12- Volt  Complete  System  per  MIL-M-006090E 

Figure  77 :  GENERAL  ARRANGEMENT  AND  DESIGN  DA  TA 
TRAILER  CHASSIS  -  LOW  RA  TE  SYSTEM 
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3.4.4.3.2  Power  Plant 

The  engine  select jd  for  the  low  rate  equipment  system  was  based  on  a  maxi¬ 
mum  system  continuous  power  requirement  oi  3.6  HP.  As  was  the  case  with 
the  engine  selected  for  the  high  rate  equipment  system  it  was  a  commercial 
engine  with  an  equivalent  rating  comparable  to  MIL-E-11275.  As  previously 
discussed  in  Section  3.4.2. 3.  3  the  commercial  engine  was  selected  as  no 
comparable  military  specification  engine  was  currently  in  production.  Data  for 
the  selected  engine  is  presented  in  Table  30. 

3.4.4.3.3  Liquid  Pumps 

The  low  rate  surfacing  system  was  required  to  nave  the  capability  to  apply  2 
lh/sq  ft  surfacing  at  a  rate  of  2,000  square  feet  per  hour.  In  order  to  support 
this  rate,  a  coverage  rate  of  approximately  163  square  feet  per  minute  during 
the  actual  spraying  cycle  is  required  assuming  0.4  lb/sq  ft  fiberglass.  This 
coverage  rate  was  based  on  covering  fiberglass  strips  50  feet  x  6. 5  feet  in  two 
minutes  of  actual  spraying  time,  as  described  in  Section  3.3  (Operational  Usage 
Study).  A  minimum  rate  of  42  lb/min  of  liquid  was  selected,  based  on  main¬ 
taining  minimum  consistent  resin  pump  output  delivery  while  providing  a 
reasonable  minimum  operational  rate.  Therefore,  assuming  a  deposited 
material  comprised  of  40%  fiberglass  and  60%  liquids  (by  weight),  the  total 
liquid  system  dispensing  rates  are  as  follows: 

MAXIMUM:  163  sq  ft  x  .  6  lbs  liquid  =  97.8  lbs  *  total  liquid) 

sq  ft  min 

MINIMUM:  42  lbs  (total  liquid) 

min 


Catalyst  and  Promoter  Pump:  As  previously  discussed,  the  liquid  surfacing 
materials  must  be  capable  of  curing  at  temperatures  from  +  4CrF  to  +95°F  at 
100%  relative  humidity  within  one  hour.  To  provide  an  acceptable  gel  time  of 
approximately  10  to  30  minutes,  the  active  catalyst  flow  rate  must  be  variable 
from  approximately  .25  parts  per  100  parts  of  resin  by  weight  (PHR)  to  1.  5  PHR 
aiid  the  promoter  flow  rate  must  be  variable  from  approximately  .25  PUR  to 
1.5  PHR.  Maximum  catalyst  flow  rate  occurs  with  a  minimum  amount  of  pro¬ 
moter  entered  into  the  liquid  composition  and  minimum  catalyst  flow  rate  occurs 
with  a  maximum  amount  of  promoter  entered  into  the  liquid  composition. 
Maximum-minimum  promoter  flow  rate  occurs  with  a  minimum -maximum 
amount  of  catalyst  entere  "  into  the  liquid  composition. 


Since  the  catalyst  is  40%  active,  the  actual  liquid  flow  rates  are  .625  PHR  to 
3.75  PHR.  Therefore,  the  required  catalyst  dispensing  rates  are: 

MAXIMUM:  97.  8  lbs  liquid  x  3.75  lbs  catalyst  =  3. 53  lbs  catalyst 

min  104. 0  lbs  liquid*  min 

♦liquid  composition  is  100  parts  resin  +  3.75  parts  catalyst  +  0.25  parts 
promoter 
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Table  30:  POWER  PLANT 
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Remarks 

1  l| 
jiff- 

iiiih 

e*“ 

Capabilities 

1.  An  electric  (tartar  is  fumMMd  with 
the  power  unit.  Power  output  is 

7.4  continuous  horsepower  at  3300 

RPM.  (This  is  80%  of  peek  output  m 
recommended  for  continuous  operation). 

A  30-amp  Alternator  is  provided. 

2.  A  reduction  assembly  was  provided 
with  reduction  of  6  to  1  as  part  of 
power  unit 

3.  Power  plant  engine  has  equivalent 
rating  of  comparable  MIL-E-1 1275 
engine. 

| 

a 

i 

DC 

1.  Power  unit  for  operating  the  equipment 
■Kadi  include  an  electric  starting  system 
and  shMI  has*  a  continuous  brake  horse 
poser  rating  of  not  leas  than  the  equip¬ 
ment's  maximum  input  power  require¬ 
ments. 

Horsepower  requirements  are  ae  follows: 

Reein  Pump  2.0  H.P. 

Metering  Pump 

(Dual  Mead)  0.5  H.P. 

Total  Input 

for  Pumps  2.5  H.P. 

Awuming  80%  drive  effieisncy,  total 

H.P.  Requirement  for  pumps  is : 

2j>  -  ai  h.p. 

080 

Power  for  l»0m  05  H.P. 

Total  continuous  H.P.  =3.6 

2.  Reduction  assembly  required  to  match 
gear  train  requirements  for  pump  drive. 

3.  All  engines  shall  conform  to  MIL-E- 
11275.  MIL-E-1 1276.  or  MIL-E-62014; 
however  should  excessive  schedule  delay 
result  from  this  requirement,  then  with 
approval  of  Officer  in  Charge  of  Contracts 
a  commercial  engine  of  equivalent  rating 
may  be  substituted. 
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3.4,4.3.3  Liquid  Pumps  (Cont) 

MINIMUM:  42  lbs  liquid  x  .625  lbs  catalyst  =  .257  lbs  catalyst 
min  102. 125  lbs  liquid**  min 

(♦♦liquid  composition  is  100  parts  resin  +  0.625  parts  catalyst  +  1.5  parts 
promoter) 

Based  on  the  promoter  quantity  requirements  the  required  promoter  dispensing 
rates  are: 

MAXIMUM:  97.  8  lbs  liquid  x  1. 5  lbs  promoter  =  1.44  lbs  promoter 

min  102. 125  lbs  liquid**  min 


MINIMUM:  42  lbs  liquid  x  .25  lbs  promoter  =  .  101  lbs  promoter 

min  104. 0  lbs  liquid*  min 


Based  on  the  calculated  catalyst  and  promoter  dispensing  rates  and  the  require¬ 
ment  for  variable  flow,  a  duplex  metering  type  pump  was  selected  for  this 
application. 

Dsible  31  lists  the  requirements  and  capabilities  of  the  selected  pump.  This 
pump  has  the  capability  of  pumping  both  catalyst  and  promoter  through  sepa¬ 
rate  sides  of  the  pump  while  requiring  only  a  single  drive  train.  It  was 
selected  over  providing  two  3eparate  pumps  (one  each  for  the  catalyst  and 
promoter)  because  of  less  space  required  and  the  elimination  of  a  pump  drive 
system. 


Resin  Pump:  The  maximum  resin  amount  required  results  when  the  least 
amounts  of  catalyst  and  promoter  required  to  effect  cure  are  entered  into  the 
liquid  composition.  Minimum  resin  amount  required  results  when  the  greatest 
amounts  of  catalyst  and  promoter  required  to  effect  cure  are  entered  into  the 
liquid  composition.  Therefore,  required  resin  dispensing  rates  are: 


MAXIMUM:  97.8  lbs  liquid  x  100  lbB  resin _ =  97  lbs  resin 

min  100. 875  lbs  liquid*  min 

(♦liquid  composition  is  100  parts  resin  +  0.625  parts  catalyst  +  0.25  parts 
promoter) 

MINIMUM:  42  lbs  liquid  x  100  lbs  resin _ =  39. 9  lbs  resin 

min  105. 25  lbs  liquid**  min 

(♦♦liquid  composition  is  100  parts  resin  +  3.  75  parts  catalyst  +  1.5  parts 
promoter) 

The  positive  displacement  pump  selected  based  on  the  calculated  dispensing 
rates  is  described  in  Table  32.  This  type  of  pump  (used  in  the  On-Fast  system) 
has  exhibited  consistently  satisfactory  performance. 
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Table  31 :  METERING  PUMP ,  CATALYST  AND  PROMO  TER 


ware  used  in  tt>*  modified  pump  inlets. 


Table  32:  RESIN  PUMP 
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3.4.4.3.4  Fiberglass  Dispensing  Voks 

A  yoke  type  adapter  was  required  for  unrolling  the  fiberglass  matting  during 
surfacing  operations.  Accordingly  the  fiberglass  dispensing  yoke  shown  in 
Figure  78  was  designed  and  fabricated.  This  yoke  can  accommodate  fiberglass 
matting  rolls  with  diameters  up  to  approximately  18  inches.  By  adjusting  the 
telescoping  ends,  fiberglass  widths  from  5  feet  to  6.5  feet  may  be  used.  The 
yoke  is  designed  to  be  used  manually,  however,  the  lunette  eye  provided  allows 
it  to  be  towed  by  standard  military  vehicles. 

3.4.4.3.5  Fiberglass  Rolling  Equipment 

Tlie  surfacing  materials  verification  portion  of  the  program  indicated  the 
necessity  for  rolling  the  surfacing  materials  if  adequate  strengths  were  to  be 
obtained.  Since  the  low  rate  equipment  system  was  designed  to  provide  sur¬ 
facing  capability  not  only  for  level  but  also  rough  irregular  sloped  and  uneven 
surfaces  the  roller  shown  in  Figure  79  was  designed  and  fabricated.  Weighing 
approximately  14  pounds,  it  was  designed  for  one  man  operation  on  these  types 
of  surfaces.  A  telescoping  handle  was  provided,  hi  the  extended  position,  6.5 
feet  wide  fiberglass  may  be  rolled  without  the  necessity  of  disturbing  the  uncured 
surfacing  materials.  Hie  portable  solvent  container  shown  in  Figure  80  was 
provided  for  cleaning  the  roller  both  during  and  at  the  completion  of  surfacing 
operations. 

3.4.4.4  Fluid  Dispensing  Systems 

The  fluid  system  for  the  low  rate  equipment  is  basically  similar  to  that  of  the 
high  rate  system.  As  was  the  case  with  the  high  rate  system,  design  for  the 
low  rate  system  closely  resembles  that  of  previous  On- Fast  equipment. 

Figure  81  shows  schematically  the  major  elements  of  the  resin,  catalyst, 
promoter,  and  solvent  systems. 

In  the  resin  system,  resin  is  drawn  from  one  of  the  two  resir  containers 
through  a  2  inch  flexible  suction  hose.  During  surfacing  operations,  the  resin 
quantity  remaining  in  these  containers  is  monitored  by  the  equipment  operator. 
Hie  2  inch  hose  is  equipped  with  a  dry  "quick  connect-disconnect"  fitting  which 
allows  the  equipment  operator  to  manually  transfer  the  hose  from  one  resin 
container  to  the  other  with  minimum  liquid  spillage.  From  the  discharge  side 
of  the  pump  a  1-1/2  inch  line  runs  to  a  "tee"  connection  where  resin  flow  is 
split  into  two  1  inch  lines.  These  1  inch  lines  continue  to  the  hose  reel  where 
each  is  connected  to  a  50  foot  l-i/4  inch  flexible  hose.  TWo  assemblies  are 
provided  for  resin  dispensing.  One  is  a  hand-held  spraybar,  the  other  a  spray 
gun.  Hie  spraybar  has  a  capacity  of  approximately  100  pounds  of  liquids  per 
minute  and  is  used  when  applying  surfacing  materials  over  large,  relatively 
even  terrain.  Hie  spray  gun  has  a  capacity  of  approximately  55  pounds  of 
liquids  per  minute  and  is  used  when  applying  surfacing  materials  over  smaller 
areas  of  rough  uneven  terrain. 


185 


D180-15124-1 


187 


188  (blank) 


Figure  79:  GLASS  ROLLER  Figure  80:  PORTABLE  SOLVENT  TANK 
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34.4.4  Fluid  Dispensing  Systems  (Cont) 

The  catalyst  and  promoter  systems  are  similar  with  the  exception  of  line  size. 

The  catalyst  is  drawn  from  die  on-board  liquid  container  through  i\  1-1/2  inch 
flexible  suction  hose  to  one  side  of  the  duplex  metering  pump.  On  the  discharge 
side  of  the  pump  catalyst  is  delivered  through  a  1/2  inch  line  to  the  catalyst 
injection  point  on  one  of  the  1  inch  resin  lines.  The  promoter  is  drawn  from 
its  respective  on-board  container  through  a  1/2  inch  flexible  hose  to  the  other 
side  of  the  duplex  metering  pump  where  it  is  delivered  through  3/8  flexible  hose 
to  the  promoter  injection  point  on  the  other  1  inch  resin  line. 

When  cleaning  and  flushing  the  low-rate  fluid  system,  it  is  not  necessary  to 
remove  the  resin  containers  as  it  is  in  the  high  rate  system.  All  solvent  re¬ 
quired  is  available  from  the  on-board  55  gallon  solvent  drum.  A  manifold 
arrangement  connected  to  the  solvent  drum  allows  both  the  2  inch  resin  suction 
line  and  the  suction  line  for  the  portable  solvent  spraygun  pump  unit  to  be 
connected  to  a  common  solvent  source.  Cleaning  of  the  fluid  system  is 
accomplished  similar  to  that  of  the  high  rate  fluid  system.  Catalyst  and  pro¬ 
moter  systems  are  drained  of  any  reactive  liquids  and  the  hoppers  filled  with 
enough  solvent  to  allow  thorough  system  cleaning.  The  portable  solvent  spray- 
gun  may  be  used  to  fill  the  hoppers  with  solvent.  Solvent  is  then  pumped 
through  the  liquid  systems  by  means  of  their  respective  pumps.  If  desired,  the 
catalyst  and  promoter  systems  may  be  flushed  independent  of  the  resin  system 
by  disengaging  the  resin  pump  by  means  of  the  manually  operated  clutch. 

34.4.4. 1  Catalyst  System  Design 

Similar  to  the  high  rate  fluid  system,  the  effects  of  maximum  catalyst  viscosity 
on  system  design  were  critical.  In  order  to  determine  these  effects,  a  test  setup 
that  simulated  the  planned  catalyst  system  was  devised.  This  test  setup  utilized 
a  metering  pump  that  was  available  from  previous  programs.  This  pump  was  the 
same  type  as  the  one  planned  for  procurement  except  that  it  had  a  slightly  larger 
plunger  diameter,  however,  it  was  capable  of  duplicating  the  required  catalyst 
output  range.  Suction  line  plumbing  simulating  the  planned  configuration  was 
utilized  and  ball  type  check  valves  instead  of  plate  type  check  valves  were  installed 
in  the  pump  inlet  port  for  improved  self-cleaning .  Catalyst  at  40°F  was  pumped 
at  the  maximum  required  rate  and  both  material  output  and  pressure  drops  deter¬ 
mined.  These  values  were  used  for  designing  the  catalyst  system. 

34.4.4.2  Nozzle  Selection 

Concurrent  with  the  nozzle  evaluation  tests  previously  discussed  in  Section  3.  4.  2.  4.  2, 
various  nozzles  were  evaluated  for  suitability  with  the  low  rate  fluid  dispensing  system. 
As  before,  these  tests  included  measurement  of  nozzle  output ,  fan  angle,  pressure, 
and  evenness  of  resin  distribution.  Nozzle  tests  for  the  low  rate  system  were  also 
accomplished  over  a  range  of  resin  viscosities  from  approximately  80  cps  to  1600  cps. 
Based  on  these  tests,  a  Spraying  Systems  9520  nozzle  was  found  acceptable  for 
viscosities  ranging  from  80  to  approximately  1000  cps  and  a  Spraying  Systems  11015 
acceptable  for  the  high  viscosity  (1600  cps)  resin  for  use  with  the  hand-held  spraybar. 
With  the  hand-held  spraygun.  Spraying  Systems  9520  or  9530  nozzle  was  found  satis¬ 
factory  for  normal  operations.  However,  using  the  hand-held  spraygun  for  dispensing 
the  1600  cps  resin  a  Spraying  Systems  11020  nozzle  (modified  by  increasing  bore  nl/.o) 
is  required. 

\ 

\ 

\ 


191 


D180-15 124-1 


3.4. 4.4.3  Fluid  Blending 

The  tests  previously  described  in  Section  3. 4. 2. 4. 3  were  also  used  as  the  basis 
for  selecting  the  method  of  resin -catalyst  and  re  sin -promoter  blending  and  injection 
for  the  low  rate  fluid  dispensing  system.  The  satisfactory  performance  of  the 
'kenics",  in  line  mixing  tube  as  determined  by  gel  time  samples  taken,  led  to  its 
selection  for  the  low  rate  system.  These  tests  also  indicated  that  single  injection 
in  conjunction  with  the  mixing  plenum  chamber  and  blender  was  the  most  satisfactory 
combination  to  ensure  adequate  blending  for  the  low  rate  system. 


3.4.4.4.4  Fluid  System  Calculations 

The  fluid  system  calculations  described  in  Section  3. 4. 2. 4. 4  and  the  typical  examples 
shown  were  the  methods  used  for  the  design  of  the  low  rate  fluid  system.  Similar  to 
the  high  rate  system,  components  such  as  valves,  fittings,  etc. ,  were  generally 
assigned  an  equivalent  length  of  straight  pipe  based  on  test  experience  and  recommenda¬ 
tions  made  in  Reference  17.  The  resin  and  catalyst  systems  were  designed  on  the 
basis  of  laminar  flow  due  to  high  viscosity  of  these  materials  while  elements  of  the 
promoter  system  were  designed  on  the  basis  of  turbulent  flow  due  to  the  low  viscosity 
of  this  material . 


3.4.4.5  Methods  foi  Controlling  the  Material  Dispensing  Rates 

The  overall  drive  system  from  the  engine  to  the  liquid  pumps  is  shown  schematically 
in  Figure  82.  Detail  information  on  the  engine  and  pump  capabilities  has  been  pre¬ 
viously  discussed  in  Section  3.  4.  4.  3. 

Control  of  liquid  dispensing  rates  is  achieved  by  varying  the  engine  rpm.  Both 
the  resin  pump  and  metering  pump  are  mechanically  connected  positive  displacement 
pumps,  therefore  the  outputs  are  approximately  proportional  to  each  other  and  to 
engine  speed.  The  metering  pump  dispenses  promoter  and  catalyst  through  separate 
chambers  but  utilizes  a  common  drive.  Catalyst  and  promoter  flow  rates  are  inde¬ 
pendently  variable  at  any  given  speed  through  separate  chambers  but  utilize  a 
common  drive.  Catalyst  and  promoter  flow  rates  are  independently  variable  at  any 
given  speed  through  separate  metering  controls  on  the  pump. 


The  fiberglass  is  manually  unrolled  before  the  liquid  is  applied.  The  amount  of 
liquid  applied  per  square  foot  of  fiberglass  is  controlled  by  the  spraybar  operator. 

For  a  given  liquid  dispensing  rate  and  given  weight  of  fiberglass  faster  coverage 
results  in  a  lower  resin  to  glass  ratio.  Figure  83  is  illustrative  of  this  and  presents 
data  on  spraybar  operator  walking  speed  required  versus  liquid  output  for  various 
widths  of  fiberglass.  This  data  is  based  on  a  single  layer  of  fiberglass  and  a  constant 
ratio  of  0. 6  pound  liquids  to  0.  4  pound  fiberglass. 
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Figure  82 :  PUMP  DRIVE  SYSTEM.  LOW  RA  TE  SURFACER 
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3.4.4. 6  Operator  Controls  and  Instruments 

The  low-rate  surfacer  operator's  controls  and  instruments  consist  of  those  required 
to  control  and  monitor  the  liquid  dispensing  rates.  Location  of’the  operator's  control 
panel  and  instruments  is  shown  sechmatically  in  Figure  84.  Figure  85  shows  the 
operator's  control  panel.  Liquid  quantity  indicators  are  similar  to  those  provided 
with  the  high  rata  system.  Resin  quantity  remaining  is  determined  by  observing  the 
gauge  marks  printed  on  the  resin  container  carboard  lining.  High  and  low  liquid 
level  indicators  are  provided  in  the  catalyst  and  promoter  containers.  Visual  obser¬ 
vation  of  these  markings  is  provided  by  the  access  openings  located  as  also  shown 
in  Figure  84. 

3.4.4.7  System  Transportability 

For  ground  transport  the  trailer  can  be  towed  by  any  conventional  tow  vehicle  which 
has  standard  towing  provisions  including  towbar  hitch,  brake  air  lines  and  connector, 
and  electrical  connector  for  lights.  For  ground  transport  involving  appreciable  dis¬ 
tance,  promoter  and  catalyst  materials ,  as  well  as  the  resin  containers  would  not  be 
on-board.  For  local  off-highway  movement  between  sites,  the  surfacing  materials 
and  containers  could  remain  on-board  while  the  equipmen.  is  in  transit. 

For  either  ground  or  air  transport,  adequate  storage  provisions  are  provided  for 
items  such  as  the  fiberglass  dispensing  yoke,  glass  rollers,  portable  solvent  tank, 
manuals  and  records,  and  the  portable  solvent  spraygun  pump  unit.  Storage  compart¬ 
ments  are  located  as  shown  in  Figure  84. 

3.4.4.8  Calculations  for  Stability 

Stability  of  the  low-rate  surfacer  while  of  concern  is  inherently  good,  even  on  a 
20%  side  slope  since  it  is  basically  symmetrically  loaded.  This  is  in  contrast  to 
the  high  rate  surfacer  where  eccentric  loads  are  introduced  by  the  boom  and  spray - 
bar  glass  support  structure  during  surfacing  opera  tions  to  the  side.  On  a  20%  slope 
with  a  single,  full  resin  container  on  the  low  side  of  the  trailer,  the  center  of 
gravity  of  the  resin  container  projected  vertically  downward  falls  inside  the  lower 
wheels  ground  contact  line.  Taking  into  account  the  additional  loads,  the  center  of 
gravity  of  the  composite  loads  results  in  a  pronounced  stabilizing  condition. 

3.4.4.9  Trade-Offs 

As  noted  for  the  high  rate  system  in  Section  3.4.2.  9,  basic  system  concepts  and 
approaches  were  established  at  the  beginning  of  the  program.  The  trade-offs  listed 
below  are  applicable  to  both  systems  and  were  selected  for  the  reasons  previously 
discussed. 

o  Large  capacity  refill  hoppers  for  on-board  containment  of  promoter  and 
catalyst  selected  over  standard  drum  or  small  manifolded  containers. 

o  Liquid  level  gauge  marking  se'ccted  over  float  type  indicators,  weighing 
scales,  pressure  gauge  system  or  transparent  tubes  for  determining  the 
amount  of  liquids  remaining  in  containers. 

o  Portable  spraygun  and  pump  unit  selected  over  hand-wipe  for  solvent 
cleaning  of  deck  and  equipment. 
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Figure  84 :  OPERA  TOR  CONTROLS  -  LOW  RA  TE  SURF  ACER 
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3.4.4.9  Trade-Offs  (Cont) 

o  Portable  solvent  tank  with  brushes  provided  for  cleaning  glass  rollers 
rather  than  cleaning  with  solvent  spraygun  or  utilizing  throw-away 
polyethylene  sleeves. 

Trade-offs  considered  unique  to  the  low  rate  system  are  discussed  below: 

Fabrication  of  a  special  trailer  chassis  was  selected  over  use  of  military 
Inventory  trailers  for  the  materials  containers  and  dispensing  equipment  platform. 
This  approach  was  selected  on  the  basis  of  weight  and  space  requirements  of  the 
materials  and  dispensing  equipment.  No  suitable  military  trailers  were  found  that 
met  these  requirements. 

A  separate  removable  equipment  pallet  was  selected  for  the  dispensing  equipment 
platform  rather  than  mounting  all  equipment  on  a  single  base  structure.  The 
removable  equipment  pallet  was  selected  on  the  basis  of  convenience  for  special 
operational  or  maintenance  conditions. 

3.4.4.10  System  Fabrication 

Fabrication  of  the  low  rate  equipment  system  was  accomplished  in  two  concurrent 
phases;  fabrication  of  the  trailer  chassis  by  a  subcontractor  and  fabrication  of  the 
removable  equipment  pallet  by  Boeing.  This  pallet  has  four-way  forklift  provisions 
and  is  attached  to  the  trailer  chassis  by  8  mounting  bolts.  Subsequent  to  pallet  fabri¬ 
cation,  major  components  such  as  the  engine  (Figure  86),  hose  reel,  and  control 
stand  were  mounted  on  the  pallet.  Upon  receival  of  the  trailer  chassis  (Figure  87), 
the  removable  pallet  (Figure  88)  was  mounted  on  the  trailer  chassis. 


As  in  the  case  of  the  high  rate  equipment,  all  liquid  pumps  were  checked  out  prior 
to  installation.  Using  simulated  plumbing  runs  of  the  planned  systems,  pump  settings 
versus  output  were  established  for  the  liquid  delivery  rates  required.  All  pumps 
were  found  satisfactory  in  the  dispensing  ranges  required.  Subsequently  they  were 
mounted  on  the  removable  pallet  and  final  assembly  ot  the  plumbing  systems,  drive 
train  and  electrical  wiring  completed  (Figure  89  «md  90).  Concurrent  with  these  final 
tasks,  fabrication  of  other  system  items,  such  as  the  glass  roller  and  portable  solvent 
tank  were  completed  in  preparation  for  system  testing. 

3.4.5  GENERAL  DESIGN  CONSIDERATIONS 

In  addition  to  the  specific  design  requirements  for  the  high  rate  and  low  rate  equip¬ 
ment  systems  previously  discussed,  design  of  both  systems  took  into  account  reliability, 
maintainability,  human  factors,  and  safety.  The  equipment  was  designed  to,  and  did 
successfully,  pass  the  specified  tests  without  danger  to  the  operating  personnel. 

3.4.5.1  Reliability 

Although  the  contract  did  not  require  a  formal  reliability  program  such  as  MIL-STD-785A 
or  formal  reliability  analyses,  reliability  requirements  were  stated  in  practical  terms. 
The  systems  shall  be  designed  so  as  to  successfully  pass  the  specified  tests  with  no 
failures  preventing  satisfactory  pe^xormance  and  with  no  cause  for  rejection  for  reasons 
that  would  indicate  early  failure  or  high  rejection  rate. 
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Figure  88:  REMOVABLE  PALLET 
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3.4.5.1  Reliability  (Cont) 

This  requirement  was  met  by  careful  selection  of  supplier's  components  and  on  the 
design  approach  used  for  fabricated  parts.  Critical  components  were  selected  which 
had  a  history  of  consistently  reliable  performance.  Items  included  in  this  category 
were  for  the  high  rate  equipment;  truck,  boom  and  turret,  engine,  pumps,  pump  drive 
components,  valves  and  other  plumbing  components.  For  the  low  rate  equipment  these 
items  included  trailer,  engine,  pumps,  pump  drive  components,  valves  and  other 
plumbing  components. 

Design  of  fabricated  parts  emphasized  simplicity  and  ruggedness  as  an  aid  in 
achieving  overall  system  reliability.  Preliminary  system  testing  was  performed  to 
verify  system  reliability  and  indicate  any  required  modifications. 

3.4.5.2  Human  Engineering  Factois  Considered 

Human  engineering  aspects  of  the  systems  were  prime  considerations,  since  meeting 
the  required  surfacing  rates  with  the  specified  number  of  personnel,  required  a  very 
efficient  operation.  In  order  to  achieve  this  efficiency,  it  was  necessary  that  the 
following  be  incorporated  into  the  system  operation  and  design. 

o  Personnel  task  definition 

o  Ample  working  space 

o  Logical  separation  of  work  areas 

o  Location  and  grouping  of  controls  and  instruments  to  provide  ease  of  control 
and  monitoring 

o  Adquate  lighting  and  communication  provisions 


Personnel  task  definition  was  presented  in  the  Operational  Usage  Study  section 
of  this  document.  Figure  58  of  the  high  rate  surfacer  indicates  the  amount  of  working 
space  and  separation  of  working  areas  for  the  equipment  operator  and  on-board 
materials  tender.  This  figure  in  conjunction  with  Figure  63  shows  the  location  and 
grouping  of  controls  and  was  previously  discussed  in  Section  3.4.  2.5.  The  full  scale 
mockup  mentioned  in  Section  3. 4. 2.  2  generally  demonstrated  a  relative  arrangemei  t 
of  equipment  that  would  provide  for  efficient  operation.  Ample  working  space, 
desirable  separation  of  work  areas,  and  convenient  location  of  controls  and  instri  - 
ments  were  exhibited.  Adequate  lighting  for  night  operation  for  the  surfacer  was 
provided  by  utilizing  floodlights  for  the  work  area  and  local  lighting  for  the  instrument 
panel.  Floodlights  were  utilized  on  the  tow  tractor  for  night  operations. 

As  for  the  high-rate  surfacer,  the  low-rate  unit  also  has  two  basic,  separated  work 
areas  as  shown  in  Figures  75  and  84.  The  liquid  dispensing  equipment  with  controls 
and  instruments  is  in  the  rear  section,  and  the  materials  tending  in  the  forward 
section.  Although  the  same  operator  performs  the  required  tasks  in  each  area,  the 
work  area  separation  tends  to  improve  efficiency  and  reduce  possible  confusion.  As 
was  the  case  for  the  high  rate  unit,  the  full  scale  mockup  of  the  low  rate  unit  previously 
discussed  in  Section  3.4,4.  2  was  used  to  verify  equipment  arrangement  and  convenience 
of  operators  controls  and  instruments. 
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3.4.5.2  Human  Engineering  Factors  Considered  (Cont) 

Adequate  lighting  for  night  operation  was  provided  by  utilizing  floodlights  for  the  work 
area  and  local  lighting  for  the  instrument  panel.  Also  a  battery  powered  light  attached 
to  the  spraybar  operator,  was  provided  for  "Remote''  lighting  when  surfacing  operations 
are  required  at  extended  distances  from  the  trailer.  Battery  powered  lights  were 
also  provided  for  the  glass  dispenser,  hose  tender,  and  glass  roller  operators. 

3.4.5.3  Safety 

Safety  aspects  of  both  equipment  systems  as  reflected  in  the  design  approaches 
include  large  working  areas  relatively  free  of  deck  clutter.  This  situation  significantly 
reduces  the  likelihood  of  injury  to  the  equipment  operators  of  both  units  and  to  the 
on-board  materials  tender  in  the  case  of  the  high  rate  surfacer.  Also,  guard  rails 
are  provided  in  critical  areas  and  non-skid  decking  is  utilized.  An  on-board  fire 
extinguisher  and  an  on-board  source  of  a  chemical  neutralizing  solution  for  use  in 
case  of  direct  exposure  to  the  liquids,  particuarly  dimethyl  aniline  was  provided. 

The  liquid  materials  container  and  plumbing  arrangement  forms  a  closed  system 
to  the  greater  practical  extent,  thus  reducing  possibility  of  personnel  exposure 
to  the  liquids  and  their  vapors.  Also,  "dry"  quick  connect  /disconnect  fittings  were 
used  for  attaching  the  resin  containers  to  pump  feed  lines,  thus  minimizing  any 
drippings  of  liquids. 

For  the  high  rate  surfacer,  essentially  all  rotating  machinery  or  other  mechanisms 
relating  to  the  pumps  drive  system  have  been  placed  beneath  the  decking,  thereby 
reducing  deck  clutter,  and  minimizing  possibility  of  injury.  All  above  deck  moving 
parts  are  protected  by  guards. 

In  the  low  rate  equipment,  rotating  machinery  related  to  the  pumps  drive  system  is 
above  the  deck  rather  than  below  as  on  the  high-rate  surfacer.  The  relatively  small 
envelope  of  this  system  in  comparison  to  available  work  space  did  not  justify  the 
burden  of  below  deck  installation.  However,  guards  were  provided  for  all  moving 
parts  which  would  be  likely  to  cause  injury. 

3.4.5.4  Maintainability 

Although  the  Advanced  Surfacing  Systems  were  prototype  configurations,  applicable 
maintainability  requirements  were  followed  during  design.  Considerable  effort  was 
given  to  selection  of  components  and  materials  that  would  enable  the  systems  to 
operate  in  an  austere  environment  without  degradation  of  the  primary  system  perform¬ 
ance  requirements. 

The  features  previously  discussed  in  paragraphs  3.  4.  5. 1  (Reliability),  3.4.  5.2 
(Human  Engineering  Factors  Considered),  3.  4.  2.  9  and  3. 4. 3.  9  (Trade-Offs),  and 
3.4.5.  3  (Safety  Data),  are  also  those  that  result  in  systems  with  low  maintenance 
requirements.  Specific  items  included  in  the  systems  design  which  provide  good 
maintainability  features  are  as  follows  : 

1)  Large,  open  work  spaces  on  the  deck  of  the  high  rate  surfacer  and  low 

rate  trailer.  Deck  cover  plates  for  ready  access  to  under  deck  drive  system 
and  plumbing  components  are  provided  on  the  high  rate  surfacer. 

2)  Corrosion  resistant  steel  for  use  in  lines  and  fittings  which  come  in  direct 
contact  with  catalyst  and  promoter  with  attend  nt  long  life  and  minimum 
need  for  replacement  or  repair  of  parts. 
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3.4. 5.4  Maintainability  (Cont) 

3)  Use  of  welded  assemblies  and  tubing  rather  than  "water  pipe" plumbing, 
wLere  practical,  in  order  to  provide  smooth  surfaces  in  contact  with 
liquids  with  attendant  improvement  in  flushing  and  cleaning. 

4)  Adequate  instrumentation  such  as  liquid  pressure  and  temperature  gauges 
to  provide  early  indication  of  malfunction  and  necessity  to  repair  or  replace 
components. 

5)  Capability  to  operate  each  liquid  subsystem  (resin,  catalyst  and  promoter) 
independently  simplifies  systems  checkout. 

6)  Use  of  standard  fittings  and  fasteners  to  provide  assembly/disassembly  with 
standard  tools. 

7)  Maximum  use  of  off-the-shelf  components  with  demonstrated  performance 
capability  and  established  field  repair  techniques.  Items  in  this  category 
for  both  systems  are  engine,  drive  system  components,  pumps,  valves 
and  disconnects;  with  the  addition  of  the  truck,  basic  boom  and  turret  for 
the  high  rate  system. 

hi  comparing  the  high  rate  equipment  system  with  the  low  rate  equipment  system, 
the  low  rate  equipment  is  relatively  unsophisticated  and  should  require  less  servicing, 
and  preventive  or  corrective  maintenance  than  the  high  rate  system.  An  additional 
feature  of  the  low  rate  system  is  the  capability  to  remove  only  the  aft  section  of  the 
base  structure  which  contains  the  dispensing  equipment.  Where  shop  space  is  at  a 
premium,  this  capability  would  be  advantageous  for  conducting  overhaul  operations. 

3.5  Prototype  Application  Equipment  Systems  Tests 

A  series  of  tests  was  accomplished  to  verify  that  the  prototype  application  equipment 
systems  were  capable  of  meeting  the  specified  performance  requirements.  Both  the 
high  and  low  rate  equipment  system  were  subjected  to  testing.  These  tests  consisted 
of  proof  pressure,  long  time  operational  testing  of  the  fluid  dispensing  systems  and 
a  beries  of  specific  operational  tests.  Certification  of  equipment  capability  at  minus 
25°F  to  plus  125°F  is  contained  in  the  Appendix.  In  addition  to  obtaining  the  weights 
and  dimensions  of  the  completely  assembled  equipment  items,  both  equipment  systems 
were  subjected  to  mobility  tests  and  air  transportability  checks. 

3.5.1  TEST  PLAN 

Prior  to  accomplishing  the  specified  performance  tests,  a  test  plan  was  prepared 
and  submitted  to  NCEL  for  approval.  This  document  (Reference  6)  described  the 
approaches,  methods,  set  ups,  procedures  and  instrumentation  used  to  conduct 
these  tests.  In  addition  the  document  listed  the  tests  in  planned  order  of  accomplish  ¬ 
ment.  This  test  sequence  was  different  than  the  contract  schedule,  however,  it 
was  chosen  so  that  data  and  techniques  from  the  untimed  surfacing  tests  could  be 
applied  to  the  subsequent  surfacing  rate  tests.  Concurrent  with  test  plan  documenta¬ 
tion,  required  surfacing  materials  were  estimated  and  preliminary  test  site  layouts 
accomplished.  Upon  receipt  of  final  test  plan  approval  surfacing  materials  procure¬ 
ment  and  test  site  acquisition  was  implemented. 
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3.5.2  TES1  SITE 

A  test  site  was  required  to  adequately  perform  the  specified  surfacing  operations. 
The  site  required  sufficient  length  and  width  to  allow  application  of  a  minimum  of 
30,000  square  feet  of  surfacing  materials.  Also,  sufficient  area  for  materials  and 
equipment  storage,  waste  surfacing  materials  disposal,  and  space  for  equipment 
maintenance  and  turnaround  was  required.  In  order  to  meet  these  requirements  the 
following  criteria  were  used  in  selecting  a  suitable  test  site. 

1)  A  reasonably  level  area  with  dimensions  of  not  less  than  300  by  600  feet  was 
required  for  the  major  portion  of  surfacing  operations  and  have  sufficient 
subgrade  bearing  capacity  to  support  the  test  and  ancillary  equipment. 

2)  Rough  and  sloping  terrain  should  be  nearby  for  equipment  capability 
demonstrations. 

3)  The  selected  location  was  to  have  good  drainage  so  that  no  inherent  swamp 
conditions  or  pooling  resulting  from  heavy  rains  would  occur. 

4)  The  location  was  to  be  as  near  as  possible  to  fabrication  and  maintenance 
shop  areas. 

5)  A  good  access  road  with  attendant  parking  area  was  necessary  for  use  with 
passenger  cars,  heavy  trucks,  and  equipment. 

6)  Utilities  (power,  water,  lights,  and  telephone)  were  desirable,  but 
portable  or  temporary  equipment  was  satisfactory. 


Based  on  the  above  criteria  and  land  availability,  the  area  shown  In  Figure  91  was 
selected.  This  site,  adjoining  Boeing's  Space  Center  In  Kent,  Washington  had 
ample  room  for  conducting  Lhe  test  program,  and  required  a  minimum  of  contractor 
effort  to  provide  and  construct  the  test  facilities. 

Basic  test  site  construction  consisted  of  stripping  and  removal  of  existing  vegetation 
and  grading  In  those  areas  where  surfacing  materials  would  be  applied.  An  existing 
earth  berm  and  ramp  were  regraded  to  obtain  the  20%  sloped  and  hill  and  mound-like 
surfaces  with  50  foot  vertical  radii  required  for  surfacing  operations  conducted  over 
varying  terrain.  A  waste  pit  (approximately  75  cubic  feet)  was  provided  for  disposal 
of  surfacing  materials  during  equipment  checkout  and  cleaning  operations.  A  layout 
of  the  test  situ  is  shown  in  Figure  92.  Prior  to  actual  equipment  testing  and  surfacing 
operations,  heavy  rains  destroyed  the  soil  bearing  capacity  of  the  regraded  berm  and 
ramp  area,  hi  order  to  ensure  timely  completion  of  the  test  program  it  was  necessary 
to  provide  additional  bearing  capacity  for  the  test  equipment.  This  was  accomplished 
by  constructing  a  6-inch  deep  by  12 -foot  wide  crushed  rock  roadway  over  the  graded 
20%  side  slope  and  vertically  curved  surfaces  as  also  shown  in  Figure  92. 

3.5.3  SURFACING  MATERIALS 

Concurrent  with  test  site  acquisition  and  site  construction  implementation,  an  estimate 
was  made  of  the  amount  of  surfacing  materials  required  for  the  surfacing  and  cleaning 
operations.  This  initial  estimate  was  made  on  the  basis  of  using  one  weight  and  width 
of  fiberglass  reinforcement  for  all  tests. 
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205  206  (blank) 


Figure  9 1 :  TEST  SI  TE  A  REA 


Figure  92 :  TEST SITE  LA  TOUT 
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3.5.3  SURFACING  MATERIALS  (CONT) 

Based  on  Government  recommendations  this  estimate  was  revised  to  incorporate  two 
additional  weights  of  fiberglass  into  the  test  program.  All  other  materials  used  for 
the  surfacing  operations  were  those  described  in  the  surfacing  materials  verification 
section  of  this  document  (Reference  Section  3.2).  A  polyester  resin  having  a  viscosity 
of  1600  centipoise  at  an  approximate  resin  temperature  of  50°F  was  obtained  for  the 
operational  requirements  testing.  Table  33  shows  a  summary  of  the  specific  surfacing 
materials  and  their  specific  test  usage. 

3.5.4  SPECIFIC  TESTS-HIGH  RATE  EQUIPMENT  SYSTEM 

A  series  of  tests  were  accomplished  to  verify  the  performance  capabilities  of  the 
prototype  high  rate  equipment  system.  These  tests  (conducted  at  the  specially 
constructed  test  site)  basically  consisted  of  untimed  surfacing  operations,  cleaning 
and  preparation  for  indefinite  standby,  preparation  for  use,  timed  surfacing  operatioi:s 
and  night  operations.  The  surfacing  materials  used  were  those  previously  described. 
The  ancillary  equipment  items  obtained  to  support  the  testing  (such  as  forklifts  and 
crane)  were  based  on  the  equipment  items  defined  in  the  operational  usage  study.  All 
tests  were  completed  within  the  specified  time  periods  and  the  performance  capabilities 
of  the  high  rate  equipment  system  successfully  demonstrated. 

3.5.4.1  Untimed  Surfacing  Operations 

The  untimed  surfacing  operations  demonstrated  the  basic  system  capabilities  of  the 
high  rate  equipment  system.  A  total  of  six  surfacing  passes  were  made,  PPG 
Industries  5000  SC19-143  resin  was  used  in  conjunction  with  three  different  weights 
of  fiberglass  reinforcement.  Figure  93  summarizes  these  surfacing  operations  and 
Table  34  presents  pertinent  data  applicable  to  these  tests.  Prior  to  beginning  the 
surfacing  operations,  surfacing  materials  were  loaded  on  the  equipment  and  all  fluid 
systems  checked  out. 

The  first  surfacing  pass  was  accomplished  to  demonstrate  the  terrain  following 
capability  of  the  surfacing  equipment.  For  this  pass,  the  equipment  was  in  its 
normal  surfacing  configuration;  i.  e. ,  boom  to  the  left.  Two,  250  foot  rolls  of 
Fab  Mat  C  24-15  (approximately  0.  26  lbs  per  sq  ft)  fiberglass  reinforcement  were 
used.  Approximately  200  lineal  feet  of  surfacing  was  applied  over  terrain  that 
included  vertical  slopes  of  20%,  vertical  curves  of  50  foot  radii,  and  mound-like 
surfaces  with  50  foot  radii.  Figure  94  shows  a  portion  of  this  surfacing  operation. 

An  additional  50  lineal  feet  of  surfacing  was  applied  over  terrain  having  a  20% 
side  slope  as  illustrated  in  Figure  95.  The  equipment  successfully  negotiated  all 
terrain  encountered.  Resin  run-off  from  the  curved  and  sloped  portions  of  the 
mat  was  much  less  than  expected  and  the  cured  surfacing  appeared  uniform. 

After  the  first  surfacing  pass  the  surfacing  equipment  was  configured  for  sur¬ 
facing  operations  to  the  right.  Two  rolls  of  0.26  lb  per  sq  ft  fiberglass  rein¬ 
forcement  were  used.  Approximately  125  lineal  feet  of  surfacing  was  applied  as 
shown  in  Figure  96.  No  apparent  difficulties  were  experienced  by  either  the 
vehicle  operator  or  the  equipment  operator  during  this  "non -normal"  surfacing 
operation. 


\ 


\ 
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Tibia  33:  MATERIALS  USAGE 


Material 

Designation 

Used  For 

Poyastar  Resin 

PPG  Ind.  6000  SC  1 0-143 

All  Untimed  Surfacing  Operations 

PPG  Ind.  RS  60130 

Operational  Requirements  Testing. 

Hooker  Chemical  26640 

All  Timed  Surfacing  Operations. 

Catalyst 

Noury  Corp.  S0046  Green 

All  Tests 

Promoter 

Dimethyl  Aniline 

All  Surfacing  Tests 

Claaning  Solvent 

Methyiene  Chloride 

All  Cleaning  Operations 

Fiberglass 

Reinforcement 

Fiberglaae  Industries: 

Fabmat  C  40-20 

All  Timed  Surfacing  Operations 
and  1/3  Untimed  Surfacing 

Operations. 

FabmatC  24-15 

1/3  Untimed  Surfacing  Operations 

Fabmat  C  16-10 

1/3  Untimed  Surfacing  Operations 
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Figure  93:  HiGH-RA  TE  EQUIPMENT  SYSTEM  -  UNTIMED  SURFACING  OPERA  TIONS 


Tabh  34 :  UNTIMED  SURFACING  OPERA  TIONS  - 

HIGH  RATE  SYSTEM 


111b ■  tii  II  • 

vnraMi  • 

Sunny 

Air  Temperature : 

;e°F  -  8S°f 

Ground  Temperature : 

86°  F  -  100°F 

Reein  Temperature : 

08° F  -  78°F 

Engine  Setting  (RPM): 

1800 

Promoter  Setting: 

(%  of  9troke) 

46  (Paaaw  1-4) 

40  (Paaees  5-6) 

Catalyst  Setting: 

(%  of  Stroke): 

12  (Paaaw  1-4) 

10  (Paaaw  5-6) 

*  Materials  Conaumed: 
(Approximate) 

Resin: 

7800  Lbs 

Promoter: 

56  Lbs 

Catalytt: 


102  Lbt  (Emulsion) 


Surfacing  Cur*  Tim* :  12-15 

(Minutai  -  Approximate) 


*  Bawd  on  actual  airfacing  time  -  Dow  not  include  materials 
consumed  during  eyedamt  checkouts. 
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Figure  94 :  SURFACING  -  TERRAIN  FOLLOWING 


Figure  95 :  SURF  A  CING  -  20%  SL  OPE 
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Figure  96 :  SURFA  CING  TO  RIGHT 
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3.6.4.1  Untimed  Surfacing  Operation*  (Cont) 

For  the  next  surfacing  operation  the  boom  was  positioned  to  the  rear  of  the  truck. 

The  glass  support  arm  extensions  were  Installed  and  the  spraybar  and  fiberglass 
support  assemblies  adjusted  for  the  minimum  6-inch  surfacing  overlap.  Two  rolls 
of  Fab  Mat  C  16-10  (approximately  0. 17  lb  per  square  foot)  fiberglass  reinforcement 
(shown  being  loaded  in  Figure  97)  were  used  for  this  test.  Approximately  250  lineal 
feet  of  surfacing  was  applied  as  shown  In  Figure  98.  Again  no  operational  problems 
were  encountered  and  a  satisfactory  surface  resulted. 

The  fourth  surfacing  pass  as  illustrated  In  Figure  99  successfully  demonstrated 
surfacing  to  the  left  and  50%  surfacing  overlap.  The  truck  boom  had  been  positioned 
to  the  left  and  the  spraybar -fiberglass  support  structure  positioned  for  the  50%  overlap 
condition.  Two  rolls  of  0. 17  lb  per  square  foot  fiberglass  reinforcement  were  used 
and  approximately  125  lineal  feet  of  surfacing  applied. 

The  fifth  and  sixth  surfacing  passes  were  accomplished  to  demonstrate  normal 
surfacing  operations,  pre-wet  capability,  and  construction  of  a  4  lb  per  square  foot 
mat.  For  this  demonstration  the  spraybar  glass  support  structures  were  positioned 
for  92%  overlap  and  the  glass  support  arm  extensions  removed.  Two  rolls  of  Fab 
Mat  C  40-20  (approximately  0. 4  lb  per  square  foot)  fiberglass  reinforcement  were 
used  for  each  surfacing  pass.  125  lineal  feet  of  nominal  2  lb  per  square  foot  surfacing 
were  applied  during  the  fifth  surfacing  pass  as  shown  in  Figure  100.  For  the  sixth 
surfacing  pass  the  pre-wet  nozzles  were  used.  These  nozzles  (located  as  shown  in 
Figure  58)  are  normally  used  to  apply  promoted  and  catalyzed  resin  to  a  previously 
cured  surface  so  that  adequate  bonding  occurs  between  the  old  surface  and  that  being 
applied.  Application  of  125  lineal  feet  of  nominal  2  lb  per  square  foot  surfacing  is 
shown  in  Figure  101.  This  figure  also  shows  the  overlap  between  the  two  2-lb  per 
square  foot  mats  that  achieves  the  required  4  lb  per  square  foot  surface.  Figure  102 
shows  the  sixth  strip  being  rolled  and  is  typical  of  the  rolling  operations  conducted 
during  this  test. 


Both  surfaces  were  satisfactory,  however,  during  the  fifth  surfacing  pass  the 
on-board  materials  tender  neglected  to  switch  from  one  resin  tote  to  another  in 
time  and  the  resin  flow  was  momentarily  interrupted  resulting  in  a  small  section 
of  unwet  fiberglass  After  completion  of  the  sixth  pass  the  truck  was  repositioned 
and  this  area  sprayed  satisfactorily. 

To  summarize  the  above  surfacing  applications,  no  equipment  malfunctions  occurred 
during  the  tests  and  satisfactory  cure  was  achieved  on  ail  surfacing.  Wrinkles  that 
did  occur  seemed  to  result  from  several  causes:  slight  change  in  direction  during  a 
pass;  misalignment  of  the  fiberglass  at  the  start  of  a  pass,  and  looseness  or  differences 
in  tension  of  the  fiberglass  roll  layers  as  received  from  the  supplier.  Good,  consistent 
fan  angles  emanated  from  the  spraybar  nozzles  throughout  the  testing  and  excellent 
blending  of  the  surfacing  liquids  was  achieved.  The  rollers  exhibited  questionable 
effectiveness  and  caused  some  scuffing.  As  a  result  some  adjustments  were  made  to 
the  rolling  equipment  Notably  providing  a  greater  degree  of  clearance  between  the 
roller  segments)  and  considerable  operator  practice  accomplished  prior  to  the  timed 
surfacing  operation. 
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Figure  98 :  SURF  A  CING  TO  REAR 


216 


D180-15124-1 


Figure  100:  NORMAL  SURFACING  MODE 


Figure  101 :  CONSTRUCTION  OF  4-LB  PER  SQ  FT  SURFACING 
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3.B.4.2  Cleaning  and  Preparation  for  Indefinite  Standby 

After  completing  the  untimed  surfacing  operations  the  high  rate  equipment  system 
was  cleanea  and  prepared  for  indefinite  standby.  It  was  required  that  these  proce¬ 
dures  be  completed  within  two  hours.  For  the  cleaning  portion  of  the  test  all  fluid 
systems  and  systems  components  requiring  solvent  cleaning  were  to  be  flushed  with 
methylene  chloride.  Wastes  were  to  be  disposed  of  so  as  to  have  no  adverse  effects 
on  personnel,  structures,  or  ecology. 

Vehicle  and  other  equipment  items  were  prepared  for  storage  following  applicable 
procedures  outlined  in  Section  VI  Active  (Live)  Storage  of  T.O.  36-1-5  (Processing 
of  Motor  Vehicles  for  Storage  and  Shipment).  These  procedures  are  directed  at 
maintaining  vehicles  in  an  operating  condition  ready  for  immediate  use  during 
indefinite  storage  periods  and  require  periodic  exercise  of  the  vehicle  every  30  days. 

Prior  to  starting  the  timed  portion  of  the  test  the  carrier  vehicle  was  positioned  at 
the  waste  pit,  resin  containers  removed,  and  drums  positioned  for  reclaiming  the 
promoter  and  catalyst  remaining  in  the  hoppers. 

The  timed  portion  of  this  test  was  considered  to  begin  with  the  loading  of  the  solvent 
drums  and  their  stands  onto  the  truck.  Two  solvent  drums  in  addition  to  the  on-board 
solvent  drum  were  considered  necessary  for  cleaning.  Figure  103  shows  the  second 
solvent  drum  being  positioned  on  its  respective  stand.  Concurrent  with  solvent  loading, 
excess  promoter  and  catalyst  remaining  in  their  respective  hoppers  were  reclaimed. 
This  was  accomplished  by  operating  the  catalyst  and  promoter  pumps  independent  of 
the  resin  pump  and  pumping  the  liquids  through  drain  hoses  connected  to  fittings  on 
the  discharge  side  of  the  pumps  into  the  previously  positioned  drums.  Solvent  was 
then  added  to  the  promoter  and  catalyst  hoppers  and  all  liquid  systems  flushed  with 
cleaning  solvent.  Miscellaneous  system  items  such  as  the  catalyst  hopper  cover 
and  filter  screen  were  cleaned  with  the  portable  solvent  spraygun  as  shown  in 
Figure  104.  At  the  same  time  the  fluid  dispensing  systems  were  being  cleaned  the 
tow  tractor  was  positioned  at  the  solvent  trough  as  shown  in  Figure  105  and  the  roller 
discs  cleaned. 

After  equipment  cleaning  both  the  truck  and  tow  tractor  were  prepared  for  indefinite 
standby. 

The  following  tasks  as  applicable  to  the  equipment  item  were  accomplished. 

o  Lubricant  levels  for  engines,  power  train  and  liquid  pumps 
were  checked  and  no  replenishment  was  required 

o  Cooling  and  hydraulic  systems  liquid  levels  were  checked 
No  replenishment  was  required 

o  All  liquid  pumps  were  greased 

o  Boom  extension  wear  plates  were  greased 

o  Fuel  tanks  were  filled  to  capacity 

o  Protective  covers  were  installed 

o  A  visual  inspection  for  leaks  was  accomplished 

o  Miscellaneous  equipment  items  were  stowed 
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Figure  104 :  PORTABLE  SOL  VENT  SPRA  Y  GUN 


Figure  103:  SOLVENT  DRUM  POSITIONING 
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Figure  105:  TRACTOR  POSITIONING 
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3.5.4. 2  Cleaning  and  Preparation  for  Indefinite  Standby  (Cont) 

o  Truck  suspension  system  was  unlocked 

o  Boom  and  Spraybar  glass  support  structure  positioned  for  ground  transport 
o  Tires  were  marked  to  indicate  ground  contact  area 

o  Air  reservoir  of  the  air  brake  system  was  drained 

o  Tractor  roller  assembly  disconnected  and  set  on  blocks 


No  problems  were  encountered  in  either  the  cleaning  or  preparation  for  indefinite 
standby  portions  of  the  test.  Total  test  time  was  one  hour  and  forty-five  minutes 
with  cleaning  requiring  one  hour  and  fifteen  minutes  and  preparation  for  indefinite 
standby  requiring  30  minutes. 

3.5.4.3  Preparation  for  Use 

Three  days  after  cleaning  and  preparing  the  equipment  for  indefinite  standby  it 
was  brought  to  a  ready-to-use  condition.  It  was  required  that  this  test  be  completed 
within  two  hours  and  the  condition  of  the  equipment  be  such  that  surfacing  operations 
could  be  resumed. 

The  following  tasks  as  applicable  to  the  equipment  item  were  accomplished: 
o  Visual  inspection  for  damaged  loose  or  missing  parts 
o  Visual  inspection  for  fuel,  oil,  hydraulic  fluid  or  coolant  leakage 

o  Fuel,  oil,  lubricant,  coolant,  battery  water  levels  were  checked 

o  Fan  belts  were  checked 

o  Boom  hydraulic  fluid  level  was  checked 

o  Tire  pressures  were  checked 

o  Promoter  and  catalyst  pump  oil  levels  were  checked 

o  All  liquid  pumps  were  greased 

o  Boom  extension  wear  plates  were  greased 

o  Brakes,  lights,  horn  and  refl  ectors  checked 

o  Truck  suspension  system  was  locked  out 

o  Boom  and  turret  were  operated  in  all  modes 

o  All  pump  drive  systems  were  operated 

o  Remaining  control  panel  items  were  checked  and  operated 

o  Spraybar  nozzles  were  checked  for  alignment 

No  problems  were  encountered  and  the  test  was  completed  in  one  hour  and  five 
minutes. 
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3.5.4.4  Timed  Surfacing  Operations 

The  requirements  for  the  timed  surfacing  operations  were  to  apply  10,000  square 
feet  of  2  lb  per  square  foot  surfacing  within  one  hour  with  no  more  than  9  personnel 
working  at  any  one  time.  The  surfacing  materials  used  for  this  test  were  Hooker 
Chemical  26540  polyester  resin  and  0. 4  lb  per  square  foot,  250  feet  long  by  6. 5 
feet  wide  fiberglass  reinforcement.  Prior  to  beginning  the  test  the  surfacing 
materials  and  solvent  tank  were  positioned  as  shown  in  Figure  92.  Two  resin 
containers  and  two  rolls  of  glass  were  loaded  and  all  fluid  systems  checked  out. 

Clock  time  for  this  test  was  considered  to  begin  with  the  application  of  the  first 
surfacing  strip.  Table  35  presents  pertinent  data  applicable  to  this  test. 

Figures  106  through  110  show  operations  conducted  during  the  test. 

A  total  of  seven  pusses  utilizing  two  rolls  of  250  feet  long  fiberglass  reinforcement 
per  pass  were  made.  All  strips  were  subjected  to  rolling  by  the  rolling  equipment. 
Approximately  10, 500  square  feet  of  surfacing  was  applied.  Starting  with  the 
application  of  the  first  surfacing  strip  and  ending  with  the  rolling  of  the  seventh 
strip.  A  total  time  of  slightly  under  46  minutes  was  required  for  the  timed  surfacing 
operation. 

No  equipment  malfunctions  occurred  during  this  test  and  an  excellent  cured  surface 
was  obtained.  Bonding  between  adjacent  strips  appeared  good.  The  surfacing  rollers 
appeared  more  effective  than  expected  and  very  satisfactory  results  were  obtained 
using  the  rollers. 

3.5.4.5  Night  Operations 

After  completing  the  timed  surfacing  operations  the  equipment  was  readied  for  night 
operations.  The  purpose  of  this  test  was  to  determine  the  adequacy  of  the  lighting 
provided  for  surfacing  operations  conducted  at  night.  Two  125-foot  long  rolls  of  0.4 
lb  per  square  foot  fiberglass  reinforcement  and  PPG  bids  5000  SC  19-143  resin  were 
used  as  the  surfacing  materials.  For  this  operation  the  aft  pair  of  spraybars  was 
shut  off  and  all  resin  dispensing  accomplished  with  the  forward  pair  of  spraybars. 

One  125-foot  length  of  surfacing  was  applied  from  the  left  of  the  truck.  The  other 
125 -foot  length  of  surfacing  overlapping  the  previously  applied  strip  by  approximately 
12  inches  was  also  applied  from  the  left  side  of  the  truck.  Both  strips  were  rolled 
with  the  rolling  equipment. 

During  night  operation  the  catalyst  pump  drive  was  engaged  while  the  valve  in  the 
outlet  line  was  inadvertently  left  In  the  closed  position.  This  caused  the  pump  relief 
valve  to  open  and  it  required  several  minutes  to  re -seat  the  valve.  Three  spraybar 
nozzles  were  also  observed  to  be  plugged  during  surfacing. 

Subsequent  to  test  and  clean-up,  it  was  discovered  that  failure  had  occurred  in  the 
surfacing  rollers  support  structure  where  several  aluminum  welds  separated.  The 
faulty  section  was  re-designed,  fabricated,  and  tested  prior  to  equipment  delivery. 

The  illumination  provided  on  both  the  truck  and  tractor  were  considered  adequate 
for  night  surfacing  operations .  It  is  considered  that  total  night  construction  operations 
would  necessarily  employ  total  area  lighting. 
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Tibi*  36 :  TIMED  SURFACING  OPERA  TIONS  - 

HIGH  RATE  SYSTEM 


Weather: 

Sunny 

Air  Temperature : 

81°F  —  83°F 

Ground  Temperature : 

97°F  -  100°F 

Reein  Temperature : 

81°F 

Engine  Setting  (RPM) : 

1700 

Promoter  Setting : 

(%  of  Stroke) 

34  (Pasaes  1-3) 

48  (Paaaes  4-7) 

Catalyst  Setting: 

(%  of  Stroke) 

12  (Passes  1-3) 

20  (Passes  4-7) 

*  Materials  Consumed: 
(Approximate) 

Resin: 

13,300  Lbs 

Promoter: 

85  Lbs 

Catalyst: 

235  Lbs  (Emulsion) 

Surfacing  Cure  Time : 

(Minutes  -  Approximate) 

20-25  (Passes  1-3) 

12-18  (Passes  4-7) 

Baaed  on  surfacing  time  -  Doe*  not  include  materials  consumed 
during  systems  checkouts. 
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Figure  107:  POSITION  ROLLERS 
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Figure  110:  TYPICAL  SURFACING  SEQUENCE  -  7TH  PASS 
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3.5.5  SPECIFIC  TESTS  -  LOW  RATE  EQUIPMENT  SYSTEM 

This  series  of  tests  were  accomplished  to  verify  the  performance  capabilities  of 
the  prototype  low  rate  equipment  system.  These  tests  were  also  conducted  at 
the  specially  constructed  test  site.  As  was  the  case  with  high  rate  equipment 
system  tests,  these  tests  consisted  of  untimed  surfacing  operations,  cleaning 
and  preparation  for  indefinite  standby,  preparation  for  use,  timed  surfacing 
operations,  and  night  operations. 

The  surfacing  materials  used  have  been  previously  Described.  Surfacing  procedures 
and  ancillary  equipment  used  were  based  to  a  large  extent  on  the  operational  usage 
study.  All  tests  were  completed  successfully  and  within  the  specified  time  periods. 

3.5.5. 1  Untimed  Surfacing  Operations 

The  untimed  surfacing  operations  were  performed  to  demonstrate  basic  equipment 
capability.  PPG  Industries  5000  SC19-143  resin  and  three  different  weights  of 
fiberglass  were  the  surfacing  materials  used  for  this  test.  Prior  to  beginning  the 
surfacing  operations,  liquid  surfacing  materials  were  loaded  on  the  trailer,  the 
fluid  systems  checked  out,  and  the  fiberglass  reinforcement  prepositioned  at  the 
areas  to  be  surfaced. 

For  the  first  major  portion  of  this  surfacing  operation  the  trailer  was  positioned 
on  the  20%  side  slope.  Approximately  2, 160  square  feet  of  surfacing  was  applied 
and  consisted  of  6  rolls  of  6. 5  wide  by  60-foot  long  fiberglass.  Each  strip  overlapped 
the  previously  applied  strip  6  inches.  One-third  of  tne  surfacing  was  constructed 
from  0. 4  lb  per  square  foot  reinforcement,  one-third  from  0.  26  lb  per  square  foot 
reinforcement  and  the  remaining  third  from  0. 17  lb  per  square  foot  reinforcement. 

The  second  major  portion  of  this  surfacing  operation  consisted  of  applying  surfacing 
materials  over  curved,  mound-like,  rough  and  uneven  surfaces.  Five  rolls  of  6.5 
foot  wide  by  60  feet  long  fiberglass  were  used  and  each  strip  overlapped  the  previously 
applied  strip  by  6  inches.  A  total  of  approximately  1,  830  square  feet  of  surfacing  was 
applied.  The  fiberglass  used  for  the  first  strip  weighed  0. 4  lb  per  square  foot  and 
two  each  of  the  remaining  four  strips  were  the  lighter  weight  reinforcement  previously 
mentioned. 

In  addition  to  the  above  surfacing  operations  an  additional  660  square  feet  of  surfacing 
was  applied  to  demonstrate  construction  of  4  lb  per  square  foot  surfacing.  This 
operation  consisted  of  applying  four  strips  of  6. 5  feet  wide  by  60-feet  long  0. 4  lb  per 
square  foot  fiberglass  and  overlapping  the  previously  applied  strip  18  inches  to  obtain 
the  required  4  lb  per  square  foot  surfacing.  These  strips  were  rolled  with  the  hand 
roller. 

Figures  111  through  114  arr  illustrative  of  the  surfacing  operations  accomplished 
during  this  test.  Table  36  presents  applicable  test  data. 

The  equipment  system  successfully  demonstrated  negotiation  and  surfacing  of  terrain 
with  50— ft  radii,  20%  slopes,  and  surfacing  over  rough  terrain.  All  weights  of 
surfacing  applied  cured  satisfactorily  and  good  wearing  surfaces  were  obtained.  No 
equipment  malfunctions  occurred  during  the  application  of  approximately  4,  600  square 
feet  of  surfacing. 


229 


D180-15124-1 


Figure  1 12:  LIQUID  DISPENSING  -  20%  SLOPE 
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Figure  1 14 :  LIQUID  DISPENSING  ~  CURVED  SURFACES 
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TsbJe  36:  UNTIMED  SURFACING  OPERATIONS  - 
LOW  RATE  SYSTEM 


Weather: 

Cloudy  —  Partly  Sunny 

Air  Temperature: 

68°F  -  73°F 

Ground  Temperature: 

68°F  -  81°F 

Resin  Temperature: 

61°F  -  62°F 

Engine  Setting  (RPM): 

3160  (Surfacing  Strips  1  -  5) 

3360  (Remainder  of  Test) 

Promoter  Setting: 

29  (Surfacing  Strips  1  -  8) 

(X  of  Stroke) 

22  (Surfacing  Strips  9-11) 

18  (Surfacing  Strips  12-16) 

Catalyst  Setting: 

44  (Surfacing  Strips  1  -  6) 

(X  of  Stroke) 

'Materials  Consumed 

(Approximate) 

40  (Surfacing  Strips  7-8) 

32  (Surfacing  Strips  9-11) 

30  (Surfacing  Strips  12-15) 

Re-in 

3.000  Lb 

Promoter 

27  Lb 

Catalyst 

48  Lb  (Emulsion) 

Surfacing  Cure  Time: 

6-8  (Surfacing  Strips  1  -  8) 

(Minutes  - 

7-9  (Surfacing  Strips  9-10) 

Approximate) 

8-10  (Surfacing  Strips  12  -  15) 

I 

i 

‘Does  Not  Indude  Materials  Consumed  During  Systems  Checkouts 


232 


D180- 15124-1 


3.5.5.1  Untimed  Surfacing  Operations  (Cont) 

During  the  early  portion  of  the  test  several  spraybar  nozzles  became  plugged  and 
were  replaced.  It  was  observed  during  surfacing  that  blending  of  the  liquids  did 
not  appear  as  uniform  as  with  the  high  rate  system.  However,  satisfactory  surfaces 
with  complete  cure  were  achieved.  It  was  also  observed  that  the  hand  roller,  operated 
diagonally  to  the  length  of  surfacing,  did  not  appear  as  effective  as  the  high  rate  system 
rolling  equipment. 

3.5.5.2  Cleaning  and  Preparation  for  Indefinite  Standby 

After  completion  of  the  untimed  surfacing  operations  the  low  rate  equipmert  was 
cleaned  and  prepared  for  indefinite  standby.  The  time  alloted  for  this  test  was  two 
hours. 

All  fluid  systems  and  systems  components  requiring  solvent  cleaning  were  flushed 
with  methylene  chloride.  All  wastes  were  disposed  of  in  the  least  harmful  manner 
to  personnel,  structure,  or  ecology.  The  equipment  items  were  prepared  for  storage 
in  a  manner  similar  to  that  previously  described. 

Similar  to  the  cleaning  accomplished  with  the  high  rate  equipment  system  the  trailer 
was  positioned  at  the  waste  pit,  resin  containers  removed,  and  promoter  and  catalyst 
reclamation  drums  positioned  prior  to  starting  the  timed  portion  of  the  test. 

The  timed  portion  of  the  test  was  considered  to  start  with  the  connection  of  the 
resin  suction  line  to  the  solvent  barrel  manifold.  The  remaining  cleaning  operation 
consisted  of  draining  eAcess  promoter  and  catalyst  from  the  hoppers,  solvent 
flushing  of  liquid  systems  and  cleaning  miscellaneous  system  components  such  as 
the  hand  rollers. 

After  cleaning  the  trailer  and  related  equipment  items. were  prepared  for  indefinite 
standby.  The  following  tasks  were  accomplished: 

o  All  liquid  pumps  were  greased 

o  All  pump  and  engine  lubricant  levels  were  checked 

o  Fuel  tank  filled  to  capacity 

o  Battery  water  level  was  checked 

o  All  equipment  items  were  stowed 

o  Protective  covers  were  installed 

o  Tires  marked  to  indicate  ground  contact  area 

o  Visual  inspection  for  evidence  of  leaks 

No  problems  were  encountered  in  either  the  cleaning  or  preparation  for  indefinite 
standby  portions  of  this  test.  The  total  time  required  for  this  test  was  one  hour 
and  20  minutes:  well  within  the  alloted  time. 
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3.5.5.3  Preparation  for  Use 

Two  days  after  cleaning  and  preparation  for  indefinite  standby  the  trailer  and 
related  equipment  items  were  prepared  for  use.  As  with  the  high  rate  equip¬ 
ment,  the  condition  of  the  equipment  was  to  be  such  that  surfacing  operations 
could  be  resumed  within  two  hours. 

The  following  tasks  were  accomplished  as  part  of  this  test 

o  Trailer  and  other  equipment  items  were  visually  inspected  for  loose, 
damaged  or  missing  parts 

o  A  visual  inspection  was  made  for  evidence  of  fuel,  oil,  lubricant  or 
hydraulic  fluid  leakage 

o  Fuel,  oil,  battery  water  levels  were  checked 

o  Tire  pressures  were  checked 

o  Promote r/cataly st  pump  oil  level  checked 

o  All  liquid  pumps  were  greased 

o  All  liquid  pump  drive  systems  were  operated 

o  All  control  panel  items  checked  and  operated  as  required 

o  Trailer  was  hooked  to  a  tow  vehicle  and  the  brakes,  lights,  and 
reflectors  checked 

This  test  was  accomplished  in  sixteen  minutes  and  no  problems  were 
encountered. 

3.5.5.4  Timed  Surfacing  Operations 

This  test  required  the  application  of  5,000  square  feet  of  2  pound  per  square 
foot  surfacing  at  a  rate  of  2,000  square  foot  per  hour  with  no  more  than  five 
personnel  working  at  any  one  time.  The  resin  surfacing  materials  used  for 
this  test  were  Hooker  Chemical  26540  polyester  resin  and  PPG  IND's  5000 
SC19-143  polyester  resin.  All  fiberglass  reinforcement  weighed  0.4  lbs  per 
square  foot  and  was  6.5  feet  wide  by  60  feet  long. 

Before  beginning  the  timed  portion  of  this  test  two  totes  containing  26540  resin 
and  the  promoter  and  catalyst  were  loaded  on  the  trailer.  Fiberglass  rein¬ 
forcement  was  prepositioned  at  the  test  area  as  indicated  in  Figure  92  and  all 
fluid  systems  were  checked  out.  Clock  time  for  this  test  was  considered  to 
begin  with  the  application  of  the  first  surfacing  strip.  Table  37  presents  data 
pertaining  to  this  test. 
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Tab/e  37:  TIMED  SURFACING  OPERA  TIONS  - 
LOW  RATE  SYSTEM 


Weather: 

Air  Temperature: 
Ground  Temperature: 
Resin  Temperature: 
Engine  Setting  (RPM): 
Promoter  Setting: 

(%  of  Stroke) 
Catalyst  Setting: 

{%  of  Stroke) 


Cloudy  (Intermittent  Showers) 

84°F 

68°  F 

5fl°F 

3000 

29 

30 


'Materials  Consumed 
(Approximate) 

•’Resin:  6,900  Lb 

Promoter:  63  Lbs 

Catalyst:  133  Lb  (Emulsion) 


Surfacing  Cure  Time  15-20  (Surfacing  Strips  1  -  25) 

(Minutes  - 
Approximate) 

8  -  10  (Surfacing  Strips  26  -  29) 


*Does  Not  Include  Materials  Consumed  During  Systems  Checkout 
•'Includes  900  Lb  Resin  5000  SC  19-143  Used  For  Surfacing  Strips  26-29 
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3.5.5.4  Timed  Surfacing  Operations  (Cont) 

A  total  of  twenty-nine  surfacing  strips  were  applied  during  this  test.  Each 
strip  overlapped  the  previously  applied  strip  by  3.  5  feet  to  obtain  the  required 
2  pound  per  square  foot  surfacing.  All  liquids  were  dispensed  with  the  hand 
held  spraybar  and  surfacing  was  rolled  with  the  hand  held  roller.  Approxi¬ 
mately  5,070  square  feet  of  surfacing  was  applied  in  approximately  two  hours 
and  five  minutes. 

During  this  test  the  trailer  was  repositioned  after  applying  the  eighth  and 
eighteenth  surfacing  strips.  Resin  was  drawn  from  the  left  tote  for  the  first 
twelve  surfacing  strips  and  from  the  right  tote  for  the  next  thirteen  strips. 

When  repositioning  the  trailer  after  applying  the  eighteenth  surfacing  strip 
the  left  tote  was  removed  and  a  new  tote  containing  5000  SC19-143  resin 
loaded  onto  the  trailer.  Resin  was  drawn  from  this  tote  when  applying  the 
last  four  surfacing  strips. 

It  was  observed  that  the  resin  delivery  hoses  could  easily  accommodate  sur¬ 
facing  over  an  area  of  50  ft  radius  without  moving  the  trailer.  During  the 
surfacing  operation  several  spraybar  nozzles  became  plugged  during  the  early 
part  of  the  operation  and  were  replaced.  Also,  during  surfacing,  the  spring 
clip  which  secures  the  pump  drive  sprocket  chain  connecting  links  fell  out,  thus 
allowing  the  chain  to  separate.  Approximately  12  minutes  were  required  to  re¬ 
connect  the  chain,  replace  the  clip  and  resume  surfacing.  This  12  minute 
interruption  in  surfacing  is  included  in  the  two  hours  and  five  minutes.  This 
was  not  considered  an  equipment  malfunction  such  as  would  prevent  successful 
completion  of  the  test.  It  did,  however,  indicate  that  for  reliability,  close 
inspection  in  this  area  as  well  as  spare  chains  are  required. 

It  was  also  observed  that  as  in  the  untimed  surfacing  operation,  the  hand 
roller  did  not  appear  as  effective  as  the  high  rate  system  rolling  equipment. 
However,  the  resulting  surface  appeared  to  be  satisfactory  and  entirely 
usable . 

Prior  to  beginning  the  timed  portion  of  the  test  during  fluid  system  checkout, 
residue  was  found  in  the  resin/catalyst  mixing  chamber  which  took  some  time 
to  remove.  Subsequent  to  surfacing  operations  the  chamber  was  inspected  and 
it  was  found  that  the  chamber  drain  pipe  protruded  above  the  chamber  wall  thus 
preventing  complete  system  drainage  during  cleaning  operations.  This  chamber 
was  removed  and  reworked  prior  to  equipment  delivery.  The  existing  drain 
was  capped  and  a  new  drain  installed  180  degrees  from  the  existing  drain.  The 
new  drain  consists  of  a  bushing  (for  drain  fitting  attachment)  welded  to  the 
chamber  outer  wall  and  centered  over  a  drilled  hole  in  the  chamber  wall.  Tbe 
chamber  was  then  reinstalled  in  the  fluid  system.  Asa  result  of  the  blockage 
that  occurred  in  the  catalyst  resin  mixing  chamber  the  promoter  resin  mixing 
chamber  was  inspected  to  determine  if  the  chamber  drain  pipe  was  interfering 
with  system  cleaning  operations.  Examination  revealed  satisfactory  instal¬ 
lation  of  the  drain  pipe  with  no  protrudence  above  the  chamber  wall  thus 
eliminating  the  need  for  rework  of  this  mixing  chamber. 
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3.5. 5.5  Night  Operations 

Night  operations  were  conducted  after  completion  of  the  timed  surfacing 
operations  to  verify  adequacy  of  the  lighting  system  provided.  Two  6.5  foot 
wide  60  foot  rolls  of  0.4  lb  per  square  foot  fiberglass  and  PPG  IND's  5000 
SC19-143  resin  were  used  as  the  surfacing  materials.  For  this  operation  the 
hand  held  spraygun  rather  than  the  hand  held  spraybar  was  used  to  dispense 
the  liquid  surfacing  materials. 

Approximately  500  square  feet  of  surfacing  was  applied.  Sufficient  illumi¬ 
nation  was  provided  by  the  trailer  lights  and  by  the  portable  battery  powered 
head  lamps  to  allow  glass  dispensing,  liquid  dispensing  and  glass  rolling. 

The  basic  lighting  system  appeared  adequate.  However,  the  lighting  system 
circuit  breaker  was  of  insufficient  capacity  (7  amps)  and  caused  interruption 
in  lighting.  The  circuit  breaker  was  replaced  with  one  of  20  amps  capacity 
prior  to  equipment  delivery  . 

3.5.6  SURFACING  SAMPLES 

After  completion  of  the  surfacing  operations  described  in  Section  3.5.4  and 

3.5.5  samples  were  obtained  from  the  surfacing  applied  during  the  timed 
surfacing  operations.  Twenty  random  samples,  each  approximately  one  foot 
square,  were  obtained  from  the  approximately  10,500  sq  ft  of  surface  applied 
with  the  high  rate  equipment  system.  Likewise  twenty  random  samples,  each 
approximately  one  foot  square,  were  obtained  from  the  approximately  5,070 
square  foot  of  surface  applied  with  the  low  rate  equipment  system. 

Ten  of  each  set  of  twenty  surfacing  samples  were  obtained  from  lapped  or 
jointed  areas.  These  samples  were  visually  inspected  for  quality  of  joints, 
bonding  of  layers,  resin  penetration  and  quality  of  the  surfacing  as  compared 
to  the  remaining  ten  random  samples  obtained  from  the  non-lapped  and  non- 
jointed  areas.  Examination  of  the  samples  obtained  from  the  lapped  or  jointed 
areas  showed  adequate  resin  penetration  and  overlap  indicating  that  thorough 
bonding  had  occurred  and  that  the  strength  at  lapped  and  jointed  areas  was 
generally  equal  to  that  of  the  non-lapped  or  jointed  surfaces. 

From  the  twenty  samples  from  the  non-lapped  or  jointed  areas  (ten  from  each 
surface)  specimens  were  obtained  for  strength  testing.  One  specimen  each  for 
flexure,  tension,  and  shear  testing  was  obtained  from  each  sample.  The  test 
methods  used  and  the  manner  of  calculating  standard  deviations  has  been 
previously  described  in  Section  3.2.  Table  38  summarizes  the  results 
obtained. 
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Table  38 :  STRENGTH  TESTS  RESUL  TS 


High  Rate  Surfacing  Teat  Remits 


Property 

Strength 

(PSD 

Daviation 

(PSD 

Flexure 

56,077 

7,476 

Tension 

29,248 

6,635 

Shear 

11,624 

1,893 

Low  Rate  Surfacing  Teat  Result! 


Property 

Strength 

(PSD 

Deviation 

(PSD 

Flexure 

40,941 

14,680 

Tension 

20,201 

5,497 

;  Shear 

12,144 

1,693 
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3.5.7  MOBILITY  TESTING 

Both  the  carrier  vehicle  (high  rate  system)  and  the  trailer  (low  rate  system) 
were  subjected  to  a  mobility  and  braking  test.  For  these  tests  a  tow  vehicle 
was  orovided  for  the  trailer.  The  tests  required  that  the  carrier  vehicle  and 
the  trailer  be  driven  over  the  types  of  terrain  and  speeds  n  aintained  as  follows: 

o  Paved  highways  or  similar  improved  roads  -  50  miles  a..  40  MPH 
o  Graded  gravel  or  similar  unimproved  roads  -  25  miles  at  20  MPH 
o  Improved  cross-country  terrain  -  10  miles  at  5  MPH 

The  braking  portion  of  the  test  required  that  each  equipment  item  be  subjected 
to  not  less  than  five  sudden  stops  from  a  speed  of  20  miles  per  hour.  A 
stopping  distance  of  thirty  feet  or  less  was  specified  for  this  test. 

At  the  conclusion  of  the  mobility  and  braking  demonstration,  both  equipment 
items  were  inspected  for  evidence  of  misalignment,  distortion  or  other  damage 
caused  by  these  tests. 

3.5.7.1  Carrier  Vehicle 

The  carrier  vehicle  was  driven  76  miles  on  paved  highway  with  speeds  ranging 
from  approximately  25  MPH  on  grades  up  to  55  MPH  on  level.  An  additional 
26-1/2  miles  was  driven  over  a  gravel  road.  Speeds  ranged  from  that  required 
to  negotiate  grades  and  sharp  turns  up  to  a  maximum  of  30  MPH  on  level.  The 
carrier  vehicle  was  driven  a  distance  of  ten  miles  over  improved  cross  country 
terrain  at  an  average  speed  of  approximately  eight  miles  per  hour.  During  this 
portion  of  the  test,  apparently  due  to  a  faulty  cotter  pin  installation,  the 
structural  pin  connecting  the  upper  end  of  the  tilt  actuator  to  the  crane  boom 
adapter  fell  out.  "Ibis  caused  the  actuator  to  swivel  downward  and,  resting  on 
hydraulic  fittings,  loosen  them.  After  stopping,  replacing  and  securing  the  pin, 
and  tightening  the  hydraulic  fittings,  the  test  run  was  completed. 

Overall  performance  throughout  these  tests  was  satisfactory  and  no  adverse 
handling  characteristics  were  noted. 

For  the  braking  demonstration  a  large  paved  a vea  having  a  level,  dry  surface, 
free  from  loose  materials  was  provided.  Five  sudden  stops  wei’e  made  on 
pavement  with  stops  occurring  in  less  than  thirty  feet  from  twenty  miles  per 
hour. 

At  the  completion  of  the  mobili.'v  and  braking  test  the  vehicle  was  examined  for 
damage.  In  addition,  the  fluid  dispensing  system  engine  and  liquid  pump  drives 
were  operated.  No  apparent  damage  was  observed  and  all  aspects  of  the  test 
and  equipment  were  satisfactory. 


\ 
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3.57.2  Trailer 

I  no  trailer  was  towed  approximately  eighty  five  miles  on  paved  highways  at 
speeds  ranging  from  40  to  60  miles  per  hour.  An  additional  twenty-seven  miles 
was  accomplished  on  gravel  roads  at  speeds  up  to  25  miles  per  hour.  The 
trailer  was  towed  over  improved  cross-country  terrain  for  a  distance  of 
approximately  11  miles  at  speeds  up  to  14  MPH.  The  equipment  performed 
satisfactorily  with  no  adverse  handling  characteristics. 

No  evidence  of  damage  was  noted  except  that  the  outer  casing  on  the  left, 
front  parking  brake  actuating  cable  had  been  chafed  due  to  improper  routing 
and  an  oversize  clamp.  This  was  corrected  prior  to  delivery  of  the  equipment. 

For  the  braking  tests  five  sudden  stops  were  made  from  a  speed  of  twenty  miles 
per  hour.  All  stops  occurred  in  a  distance  of  less  than  thirty  feet. 

Inspection  of  the  trailer  after  the  mobility  and  braking  tests  revealed  no  other 
evidence  of  damage  to  that  previously  noted.  The  fluid  dispensing  system 
engine  and  pump  drives  were  operated  and  performance  was  satisfactory. 

3.5.8  PRESSURE  TESTS 

Those  elements  of  the  high-rate  and  low-rate  liquid  systems  that  operated 
under  positive  pressure  were  pressure  tested  using  applicable  procedures  of 
Section  VIII  of  the  ASME  Boiler  and  Pressure  Vessel  Code.  As  stated  in  this 
code,  water  was  used  as  the  pressurizing  medium  and  the  test  pressure  was 
1.  5  times  the  maximum  allowable  working  pressure.  Each  component  and 
circuit  of  the  high-rate  and  low-rate  liquid  systems  that  operates  under  positive 
pressure  was  tested  to  1.5  times  its  respective  maximum  allowable  working 
pressure. 

The  following  general  procedures  and  modifications  to  the  systems  were  em¬ 
ployed  for  this  test.  System  check  valves  were  bypassed  or  otherwise  modified 
to  allow  pressurization  of  the  system  or  circuit  under  test.  Pump  suction  ports 
and  spraybar  openings  were  plugged.  Pressure  relief  devices  installed  in  the 
liquid  lines  were  adjusted  to  the  test  pressures  required  for  each  element  of 
the  liquid  systems.  System  pressure  monitoring  gages  were  replaced  with 
laboratory  type  calibrated  pressure  gages. 

Before  applying  the  test  pressures  all  joints  and  connections  were  inspected 
for  tightness.  The  systems  were  then  filled  with  water  and  all  air  bled  from 
the  lines.  Pressure  was  then  applied  gradually  until  the  test  pressures  were 
reached.  Following  the  application  of  the  test  pressures,  system  pressures 
were  reduced  to  the  allowable  working  pressures  and  an  inspection  made  of  all 
joints  and  connections. 

Prior  to  conducting  the  preliminary  pressure  test  the  liquid  dispensing  systems 
of  both  the  high  and  low  rate  equipment  were  operated  using  methylene  chloride. 
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3.5.8  PRESSURE  I  ESTS  (CONT) 

This  was  accomplished  in  order  to  achie/e  cleaning  and  flushing  of  the  plumb¬ 
ing  lines.  Subsequently,  the  systems  were  filled  with  water  and  pressure  tests 
were  conducted.  Maximum  operating  pressures  were  achieved  without  leakage. 
However,  when  applying  the  required  proof  pressure  factor  of  1-1/2  times 
maximum  operating  pressure  to  the  High  Rate  system,  leakage  occurred  at  the 
ferrule  ends  of  three  flexible  hoses.  These  hoses  (rated  for  500  psi  maximum 
operating  pressure)  were  replaced  with  new  hoses  obtained  from  the  supplier 
prior  to  final  pressure  testing.  The  Low  Rate  system  successfully  withstood 
the  proof  pressures  without  leakage.  However,  very  slight  leakage  was  ob¬ 
served,  emanating  from  a  shaft  seal  on  the  resin  pump,  before  reaching  proof 
pressure.  This  leak  stopped  after  continued  pressure  application. 

Final  proof  pressure  testing  was  accomplished  for  both  high  and  low  rate  fluid 
systems  subsequent  to  surfacing  operations  and  mobility  testing.  The  test 
methods  and  procedures  previously  outlined  were  followed  in  conducting  these 
final  pressure  tests. 

For  the  high  rate  liquid  dispensing  system  a  proof  pressure  of  300  psi  was 
applied  upstream  of  the  catalyst  and  promoter  injection  points.  The  resin 
system  downstream  from  the  catalyst  injection  point  (as  well  as  the  catalyst 
system)  to  the  spray  bar  shutoff  valves  was  tested  to  345  psi.  Likewise  the 
promoter  system  and  resin  promoter  side  from  the  injection  point  to  the  spray 
bar  shutoff  valves  was  tested  to  398  psi.  The  remaining  portion  oi  the  re'un 
system  between  the  spraybar  shutoff  valves  and  the  spraybars  was  pressure 
tested  to  120  psi.  These  pressures  were  1.5  times  the  maximum  operating 
pressures  of  the  respective  system  components  and  all  systems  satisfactorily 
withstood  the  applied  pressures. 

Pressure  testing  of  Low  Rate  liquid  dispensing  system  was  conducted  in  a 
manner  similar  to  the  High  Rate  systems  pressure  test.  A  proof  pressure  of 
375  psi  was  applied  to  the  resin  system  upstream  of  the  catalyst  and  promoter 
injection  points.  All  systems  downstream  of  the  catalyst  and  promoter  injec¬ 
tion  points  were  tested  to  675  psi  pressure. 

The  systems  satisfactorily  withstood  the  pressures  involved,  with  the  exception 
of  the  flexible  delivery  hose  which  carries  resin  and  promoter.  Leakage 
occurred  where  the  end  ferrule  is  attached  to  the  hose  on  the  hose  reel  end  of 
the  assembly.  Leakage  still  occurred  when  the  pressure  was  reduced  to  the 
maximum  operating  point  of  450  psi.  These  hose  assemblies  are  rated  by  the 
supplier  for  1,000  psi  maximum  operating  pressure  and  4,000  psi  minimum 
burst  pressure,  well  in  excess  of  the  675  psi  applied  pressure.  Since  these 
hose  assemblies  had  previously  successfully  withstood  the  proof  pressure  and 
no  leakage  was  observed  during  surfacing  operations,  leakage  *  as  attributed  to 
a  gradual  loosening  at  the  end  ferrule-hose  assembly  resulting  from  inadequate 
inspection  bv  the  supplier.  As  a  result,  a  replacement  hose  was  obtained  from 
the  supplier  for  delivery  with  the  trailer.  This  replacement  hose  was  certified 
by  the  supplier  to  have  been  hydrostatically  tested  to  1,800  psig  for  three 
minutes  without  leakage,  damage  or  deformation.  Certification  data  is  con¬ 
tained  in  the  Appendix. 
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3.5.9  OPERATIONAL  REQUIREMENTS  TESTING 

The  prime  objective  of  these  tests  was  to  verify  the  reliability  of  both  the  high- 
rate  and  low -rate  equipment  liquid  dispensing  systems  under  simulated  con¬ 
tinuous  surfacing  operations.  These  tests  were  also  performed  to  verify  the 
capability  of  both  equipment  systems  to  dispense  the  required  amounts  of  resin, 
catalyst,  and  promoter  for  the  simulated  condition.  In  addition  it  was  required 
to  verify  that  when  dispensing  polyester  resins  having  a  viscosity  of  1600 
centipoises,  adequate  resin  sprayability,  as  indicated  by  the  fan  angle,  was 
obtained  at  the  spraybars  (high-rate  system)  and  the  hand  held  spray  bar  (low- 
rate  system). 

To  demonstrate  the  five  and  six  hour  continuous  surfacing  requirements  for  the 
high-rate  and  low-rate  systems  respectively,  the  actual  cumulative  time  re¬ 
quired  to  discharge  the  liquids  during  surfacing  operations  was  considered  the 
determining  factor  in  development  of  the  test.  Therefore,  actual  pumping  time 
and  liquid  delivery  rates  used  for  these  tests  were  computed  as  follows  and 
were  based  on  the  systems  analysis  presented  in  Section  3.  3.2  of  this  document. 

3.5.9. 1  Test  Requirements 

For  the  high-rate  system  one  2-1/2  minute  pass  (refer  to  Section  3.3.2)  re¬ 
quires  two  6.  5  ft  wide  x  250  ft  long  rolls  of  fiberglass  and  i.2  lbs  per  sq  ft 
total  liquids.  Therefore  total  liquid  application  rate  is:  6.  5  x  250  x  1.2  x  1  = 

780  lbs  per  minute.  2*  5 

Since  total  liquid  is  composed  of  100  parts  resin,  2.5  parts 
catalyst,  and  1  part  promoter,  theoretical  resin  output  is 
100  x  780  =  754  lbs  per  minute.  Similarly  theoretical 
103.5 

promoter  output  =  1.  0  x  780  =  7.5  lbs  per  minute  and 
103.5 

theoretical  catalyst  output  =  2.5  x  780  =  18.  8  lbs  per  minute. 

103.  5 

This  method  however,  assumes  no  loss  of  fluids  to  the  underlying  soil.  To 
determine  fluid  loss  to  the  underlying  soil,  nominal  2  lb  per  sq  ft  samples  were 
constructed  over  loose,  dry  sand  and  silt  sub-bases  using  a  resin  conditioned 
to  a  viscosity  of  1600  centiposes  (cps).  All  samples  were  subjected  to  two 
passes  with  a  roller.  Average  resin  gel  time  was  approximately  20  minutes. 

The  average  weight  of  fluids  lost  to  the  underlying  soil  as  determined  by  these 
tests  was  found  to  be  3.  9%  based  on  the  weight  of  actual  fluids  applied.  Based 
on  the  results  of  these  laboratory  tests,  the  required  fluid  delivery  rates  re¬ 
quired  for  field  applications  using  a  1600  cps  viscosity  resin  were  assumed  to 
be  5%  higher  than  the  theoretical  rates  computed  above.  Therefore,  fluid 
delivery  rates  used  for  this  test  were: 

Resin  754  x  1.05  =  792  lbs  per  minute 

Promoter  7.  5  x  1.  05  =  7.  9  lbs  per  minute 

Catalyst  18.  8  x  1.  05  =  19.  8  lbs  per  minute 
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3.5.9. 1  Test  Requirements  (Cont) 

Total  materials  required  (Refer  to  Section  3.3.2)  were: 

Resin  =  69, 552  lbs  +  5%  =  73, 030  lbs 

Promoter  =  696  lbs  +  57(  =  731  lbs 

Catalyst  =  1,739  lbs  +  5 7c  =  1,826  lbs 

Actual  required  pumping  time  for  resin  =  73,030  =  93  minutes  which  was  the 

',92 

same  pumping  time  required  for  all  liquids. 

For  the  low  rate  system  actual  pumping  time  was  computed  similar  to  that  for 
the  high-rate  system  as  follows: 

One  6.5  ft  wide  x  50  ft  long  roll  of  fiberglass  requires  0.6 
lbs  per  sq  ft  total  liquids  in  a  two  minute  application  time 
(Refer  to  Section  3.3.2)  therefore,  total  liquid  application 
rate  is: 

6.  5  x  50  x  0.6  x  1_  =  97.  5  lbs  per  minute  and  the 
2 

theoretical  resin  application  rate  is 

100  x  97.5  =  94.2  lbs  per  minute.  Theoretical 

103.5 

promoter  and  catalyst  application  rates  are  0.  94 
and  2.36  lbs  per  minute,  respectively. 


As  discussed  above,  actual  fluid  delivery  rates  required  for  field  applications 
using  a  resin  having  a  viscosity  of  1600  cps  was  assumed  5‘V  higher  than  the 
theoretical  rates.  Therefore,  fluid  delivery  rates  used  for  this  test  were: 

.  Resin  94.2  x  1.05  =  98.9  lbs  per  min 


Promoter  0.94  x  1.05  =  1.0  lbs  per  min 

Catalyst  2.36  x  1.05  =  2.5  lbs  per  min 


Total  resin  required  (Refer  to  Section  3.3.2)  was: 

17,481  +  5 %  =  18,355  lbs  and  the  actual  required  pumping  time  was: 

18,355  =  186  minutes 
98.9 


T7ie  following  liquids  were  used  for  these  tests  and  were  continuously  recircu¬ 
lated  in  order  to  reduce  the  quantities  required. 

Resin:  PPG  industries  5000  SC19-143  polyester  resin  formulated  to  have  a 
viscosity  of  1600  centipoise  (CPS)  at  approximately  50  F  was  used  for  this  test. 
This  resin  has  a  viscosity  in  excess  of  1600  CPS  during  the  manufacturing 
process  and  is  subsequently  diluted  with  styrene  to  the  viscosities  listed  in 
Section  3.2.  After  completion  of  the  operational  tests  the  resin  was  diluted 
with  styrene  to  obtain  its  normal  viscosity,  and  was  used  in  surfacing  appli¬ 
cation  checkout  *  sts. 
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3.5.9.1  Test  Requirements  (Cont) 

Promoter:  Water  was  used  in  lieu  of  the  dimethyl  aniline  promoter  since  the 
viscosities  are  similar  and  the  hazards  associated  with  the  promoter  were 
eliminated. 

Catalyst:  The  catalyst  material  used  was  Noury  Corporation's  40%  benzoyl 
peroxide  emulsion  S-0046  green  as  no  other  substitute  material  was  known  that 
would  be  representative  of  the  characteristics  and  behavior  of  this  catalyst 
material  under  actual  pumping  conditions. 

3.5.9.2  Test  Procedures 

Resin  viscosity,  occurring  in  the  resin  tote  containers,  was  determined  prior 
to  the  start  of  the  operational  tests  for  the  high  rate  and  low  rate  systems, 
respectively.  A  Brookfield  viscometer  was  used  to  determine  viscosity  A 
viscosity  of  1600  centipoise  (CPS)  was  measured  at  a  resin  temperature  of  56°F 
for  the  iv'gh  rate  systemotest  and  a  viscosity  of  1616  CPS  was  measured  at  a 
resin  temperature  of  54  F  for  the  low  rate  system  test.  These  temperatures 
were  used  as  a  guide  in  controlling  resin  viscosity  during  the  tests.  In  general, 
temperature  of  the  resin,  as  it  wasQbeing  continuously  recirculated,  was 
allowed  to  rise  to  app  -oximately  60  F  before  drawing  resin  from  another  tote 
container  or  stopping  pumping  operations  in  order  to  cool  the  resin  such  that 
the  required  viscosity  was  obtained.  Temperatures  of  the  catalyst  and  water 
(in  lieu  of  the  Dimethyl  Aniline  (DMA)  promoter)  were  not  controlled  during 
the  tests.  Prior  to  continuously  recirculating  the  liquids,  resin  sprayability 
and  material  output  of  the  individual  liquid  systems  were  verified.  Tables  39 
and  40  present  the  data  obtained  during  these  tests  for  the  high-rate  and  low- 
rate  equipment  liquid  dispensing  systems  respectively. 

Both  equipment  systems  successfully  met  ail  reqrirements.  Resin  spray- 
ability  (as  determined  by  visual  observation)  was  satisfactory  and  liquid 
materials  output  was  within  allowable  limits.  Total  system  running  time  was 
108  minutes  for  the  high  rate  equipment  and  187  minutes  for  too  low  rate  equip¬ 
ment. 

3.5.10  AIR  TRANSPORTABILITY 

The  capability  of  the  applica  tion  equipment  system  items  to  be  disassembled 
within  one  hour  for  air  transport  in  C-130  type  aircraft  and  reassembled  for 
use  within  one  hour  after  unloading  was  demonstrated.  For  the  high  rate 
equipment  system  the  catalyst  and  promoter  hoppers  and  the  spraybar-glass 
support  structure  must  be  removed  from  the  truck  in  order  to  meet  the 
specified  25,000  pound  weight  limitation.  The  glass  roller  assembly  must  be 
disconnected  from  the  tow  tractor  to  meet  the  C-130  cargo  envelope. 

The  actual  times  required  for  the  above  tasks  were  as  follows: 

Removal  of  the  catalyst  and  promoter  hoppers  from  the  truck  and 
disassemble  the  spraybar-glass  support  structure  from  the  vertical 
mast  required  three  men  twenty  minutes.  One  of  the  three  men 
operated  a  forklift  as  required  during  this  demonstration. 
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Table  39 :  OPERA  TIONAL  REQUIREMENTS  TEST  DA  TA  -  HIGH  RA  TE  SYSTEM 


Liquid  Output 

Rail  -  764  Lbs  Per  Minute  (Allowable  792  ±  40  Lbs  Per  Minute) 

Catalyst  -  20.1  Lbs  Per  Minute  (Allowable  19.8  ± 1.0  Lbs  Per  M'nute) 

Pump  Set  at  21%  Output. 

Water  -  8.5  Lbs  Per  Minute  (Allowable  8.3  ±  0.4  Lbs  Per  Minute) 

Pump  Set  at  58%  Output 

Correcting  for  the  Specific  Gravity  of  DMA  (0.96  as  Compared  to  1.0  for  Water)  the  Corresponding  Output 
for  DMA  Would  be  8.5  x  0.96  ^  8.2  Lbs  Per  Minute  as  Compared  to  an  Allowable  of  7.9  ±  0.4  Lbs  Per  Minute. 


Liquid  System  Running  Time 


Resin 

Tote 

Resin  Temperature  (°F) 
Start  End 

Time 

(Minutes) 

Cumulative 

Time 

(Minutes) 

Left 

56 

60 

25 

25 

Right 

56 

62 

11 

36 

Left 

56 

60 

.22.9 

58.9 

Right 

56 

60 

9.1 

68 

Left 

53 

60 

12 

80 

Right 

57 

63 

13 

93 

Left 

56 

Not 

Recorded 

15 

108 

System  Data 

Engine  RPM  -  1800 
Liquid  System  Pressures 

Resin  -  Pressure  Averaged  167  psi  and  143  psi  at  Start  nnd  End  of  Each  Pumping 

Increment,  Respectively. 


Catalyst 

Promoter 

Catalyst  Temperature  - 
Water  Temperature  - 


90  to  210  psi 
160  to  200  psi 

60PF  at  Start  of  Test,  71.5°F  at  End  of  Test 
60Pp  at  Start  of  Test,  64°F  at  End  of  Test. 
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Table  40 :  OPERA  TIONAL  REQUIREMENTS  TEST  DA  TA  -  LOW  RA  TE  SYSTEM 


Liquid  Output 

Resin  -  99  Lbs  Per  Minute  (Allowable  96.9  ±  4.94  Lbs  Per  Minute) 

Catalyst  -  2.51  Lbs  Par  Minute  (Allowable  2.5  ±  0.12  Lbs  Per  Minute)  Pump  Set 

at  60%  Output. 

Water  -  1.02  Lbs  Par  Minute  (Allowable  1.04  ±  0.5  Lbs  Per  Minute)  Pump  Set 

at  29%  Output. 

Correcting  for  the  Specific  Gravity  of  OMA  (0.96  as  Compared  to  1.0  for  Water)  the  Corresponding  Output  for 
DMA  Would  be  1.02  x  0.96  =  0.98  Lbs  Per  minute  as  Compared  to  an  Allowable  of  1.0  ±  0.05  Lbs  Per  Minute. 


Liquid  System  Running  Time 


Increment 

1 


Running  Cumulative 

Resin  Temperature  (°F)  Time  Time 

Start  End  (Minutes)  (Minutes) 


System  Data 

Resin  Pump  RPM  -  550-560 

Liquid  System  Pressures: 

Resin  -  160to138psi 

Catalyst  -  90to110psi 

Promoter  -  165to175psi 

Catalyst  Temperature  -  60° F  at  Start  of  Test,  66°F  at  End  of  Test 

Water  Temperature  -  Not  Recorded 

*  Added  Cooling  Provided  During  Run. 
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3.5.10  AIR  TRANSPORTABILITY  (CONT) 

Installation  of  the  catalyst  and  promoter  hoppers  and  assembly 
of  the  spray  bar-glass  support  structure  to  the  vertical  mast  was 
accomplished  by  the  above  three  men  in  twenty  minutes. 

Disconnection  of  the  glass  roller  assembly  from  the  tow  tractor 
was  accomplished  by  two  men  in  four  minutes.  Connection  also 
was  accomplished  by  two  men  in  four  minutes. 

The  only  items  requiring  disassembly  r  •  air  shipment  of  the  trailer  are  the 
catalyst  and  promoter  drum  support  structures  which  are  bolted  to  the  vertical 
frame  members  of  their  respective  hoppers.  Each  drum  support  structure 
requires  the  removal  and  subsequent  reinstallation  of  thirty-two  bolts.  Actual 
demonstration  of  these  tasks  for  the  trailer  was  not  accomplished.  It  was 
considered  through  visual  observation  that  these  tasks  could  be  accomplished 
within  the  one  hour  time  period  allowed. 

3.5.11  DIMENSIONS  AND  WEIGHTS 

Overall  dimensions  and  weights  were  determined  for  the  completely  assembled 
equipment  items  and  their  respective  component  parts.  Three  methods  of 
obtaining  the  required  dimension  and  weight  data  were  used.  Actual  measured 
and  observed  data  for  major  equipment  items  such  as  the  high-rate  equipment 
system  carrier  vehicle,  manufacturer’s  data  for  items  such  as  engines  and 
pumps,  et^.  ,  and  calculated  data  from  fabrication  drawings  for  items  such  as 
operator  control  stands.  Tables  41  and  42  show  the  items  for  which  dimensional 
and  weight  data  were  obtained  and  the  method  of  obtaining  this  data  for  the  high- 
rate  and  low-rate  equipment  systems  respectively. 

3.6  Operations  and  Maintenance  Manuals 

As  part  of  this  program  operations  and  maintenance  instruction  manuals  were 
prepared  for  both  the  high-rate  and  low-rate  equipment  systems.  Preparation 
of  these  manuals  (Reference  18  and  19)  was  accomplished  such  that  all  portions 
of  the  systems  were  accounted  for  in  order  to  be  suitable  for  use  by  military 
personnel.  The  manuals  include  as  a  minimum  the  following: 

o  Description  and  mixing  instructions  for  surfacing  materials 

o  Method  of  surfacing  material  application 

o  Description  of  the  complete  system 

o  Operating  procedures 

o  Control  methods  for  dispensing  surfacing  materials 
o  Schematics  and  wiring  diagrams 
o  Trouble  shooting  procedures  and  repair  procedures 
o  Maintenance  instructions 

o  Recommended  cleaning,  storage  and  transportation  procedures 

o  Recommended  spare  parts  lists  with  prices 

o  Necessary  contractor  drawings,  vendor  drawings,  to  facilitate 
maintenance,  repair,  disassembly  and  assembly  of  the  system 
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Table  4 1 :  DIMENSION  AND  WEIGHT  DA  TA  -  HIGH- R A  TE  EQUIPMENT  SYSTEM 


Equipment  System 
Item 


Carrier  Vehicle  (As  received 
from  Manufacturer) 


Carrier  Vehicle 
(Assembled) 


Roller  Assembly 


Wash  Tank 


Special  Tools 


Actual  Measured/ 
Observed  Data  * 


13,1601b. 

96  x  99  x  369 


Manufacturer's 

Data* 


2021b. 
18x6x  106 


*  All  dimensions  in  inches,  width  x  hei^it  x  length. 
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Table  42 :  DIMENSION  AND  WEIGHT  DA  TA  -  LOW-HA  TE  EQUIPMENT  SYSTEM 


Equipment  System 

Item 

Actual  Measured/ 
Observed  Data  * 

Manufacturer's 
Data  * 

Calculated  * 

frailer  (as  received 
from  supplier) 

6,300  lb. 

96  x  72  x  280 

Trailer 

10,0301b. 

96x  119  x  280 

Removable 

Pumping  Unit 

2,200  lb.  » 

96  x  101  x  84 

Engine 

135  lb. 

21  x  22  x  20 

Resin  Pump 

40  lb. 

8x  6x  14 

Catalyst/Promoter 

Pump 

165  lb. 

15  x  18  x  18 

Solvent  Pump 

61b. 

3x4x8 

Control  Stand 

1181b. 

18  x  39  x  19 

Hose  Reel 

140  lb. 

32  x  33  x  34 

Spray  Guns 

221b. 

18  x  8  x  86 

Fiberglass  Dispensing 

Yoke 

34  lb. 

36  x  16x65 

Resin  Roller 

14  lb. 

20x6x66 

Special  Tools 

37  lb. 

18x8x44 

*  All  dimensions  in  inches,  width  x  height  x  length. 

Note:  See  Table  41  for  Catalyst  and  Promoter  Hopper  Dimensions  and  Weight. 
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3.7  Drawings  and  Specifications 

As  part  of  the  overall  program,  drawings  and  specification  conforming  to 
Category  E,  Form  2  of  Military  Specification  M1L-D-1000  were  prepared. 

These  were  in  addition  to  the  normal  layout-design  drawings  and  specifications 
required  for  equipment  system  design  and  fabrication.  In  addition,  specifi¬ 
cations  for  surfacing  materials  were  required  as  part  of  the  overall  program 
documentation. 

The  MIL-D-1000  drawings  and  specifications  were  prepared  on  mylar  and  good 
drawing  practices  emphasized.  Drawings  180-12309  and  180-12362  show  the 
high  rate  and  low  rate  surfacing  systems  respectively. 

Extensive  discussion  on  the  properties,  characteristics,  hazardous  properties, 
effects  on  ecology,  and  storage  recommendations  for  the  surfacing  materials 
has  been  presented  in  Sections  3.2  and  3.  3  of  this  document.  Mention  was 
made  of  packaging  methods  and  techniques;  however,  as  the  program  progress- 
eJ  certain  modifications  to  these  suggested  methods  were  required  in  order  to 
conform  to  the  final  design  of  the  equipment  systems.  The  packaging  methods 
selected,  as  well  as  a  suggested  method  for  packaging  the  fiberglass  reinforce¬ 
ment  are  discussed  below. 

o  Polyester  Resin  -  Plywood  containers  similar  to  those  previously  used 
in  the  On- Fast  program.  Capacity  enlarged  to  approximately  350 
gallons  per  container.  Container  has  48  inch  by  48  inch  planform 
and  modified  resin  connector  to  prevent  leakage.  Sloping  bottom 
provided  for  less  wastage  of  material.  The  container  is  illustrated 
in  Figure  115.  Resin  is  contained  within  plastic  liners  (not  shown) 
that  are  cushioned  by  the  corrugated  paper.  Three  4  mil  plastic 
bags  are  used  to  make  up  the  liner. 

o  Promoter  Dimethyl  Aniline  -  Package  in  standard  30  gallon  containers 
3/4  inch  vent  and  2  inch  openings  on  container  sides  required  for 
interface  with  on-board  promoter  hopper.  Figure  116  illustrates 
the  promoter  container. 

o  Catalyst  S-0046  Green  (40%  Active  Benzoyl  Peroxide  Emulsion): 

Package  in  standard  55  gallon  open  top  containers  as  material 
may  require  mixing  prior  to  use.  Figure  117  illustrates  the 
catalyst  container.  Side  openings  required  for  interface  with 
on-board  catalyst  hoppe". 

o  Solvent  Methylene  Chloride:  Package  in  standard  55  gallon  con¬ 
tainers  as  illustrated  in  Figure  118.  Additional  3/4  inch  openings 
required  for  venting  when  containers  are  used  as  on-board 
solvent  containers. 

o  Fiberglass  Reinforcement:  Basic  system  material  is  considered 
40  oz  per  square  yard  woven  roving  with  2  oz  per  square  foot 
chemically  bonded  chopped  strand  mat.  Basic  width  is  considered 
to  be  6.  5  feet.  Figure  119  shows  a  suggested  method  for  fiberglass 
packaging. 
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30  Gallon  Drum  per  Fed.  Sped.  PPP-D-706 

Type  I  —  ICC-17E  Straight  Side  Cylindrical  Drum,  Double  Seamed  Chimes, 
Tight  Head. 

Note:  Print  All  Exterior  Surfaces  Yellow . 


Figure  116:  PROMOTER  CONTAINER 


\ 
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55-Gallon  Drum  Per  Fed.  Spec.  PPP-D-729 
Type  III  Rule  40  or 

Type  IV  ICC-17H  Straight  Side  Cylindrical,  Full  Removable  Cover 
Provided  with  Removable  Bolted  Type  Locking  Ring. 

Note:  All  Exterior  Drum  Surface*  to  be  Painted  Green. 


Figure  117:  CATALYST  CONTAINER 
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Figure  118:  SOLVENT  CONTAINER 


Ovucbox  Par  MIL-B-26241B  Type  II.  Clan  I 
(Water  Repellent  Per  Fed.  Spec.  TT-W-5721 
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Figure  119:  FIBERGLASS  PACKAGING 
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3.7  Drawings  and  Specifications  (Cont) 

All  materials  shipped  to  adverse  weather/combat  areas  require  Level  A 
military  pack  in  accordance  with  MIL-STD-129.  All  steel  drums  require  a 
paint  system  specifically  to  withstand  corrosive  effects  of  weather,  and 
weatherproof,  non-corrosive,  non-degradable  labels  are  required  for 
absolute  identification  of  contents. 

The  surfacing  materials  used  during  the  program  (with  the  exception  of  the 
solvent)  may  be  obtained  from  their  respective  manufacturers  under  the 
following  designations: 

1)  Polyester  Resin  26540  -  Hooker  Chemical,  Durez  Div. 

2)  Polyester  Resin  RS  5000  SC19-143  -  PPG  Industries 

3)  Laminae  410  promoter  (100%  Active  Dimethyl  Aniline)  - 
American  Cyanamid 

4)  Catalyst  S-0046  Green  (40%  benzoyl  peroxide  emulsion)  - 
Noury  Chemical  Corporation 

5)  Fabmat  C-4020  Fiberglass  Reinforcement  (40  oz/sq  yd 
woven  roving  with  18  oz/sq  yd  chopped  strand  matting)  - 
Fiberglass  IND's 

The  methylene  chloride  solvent  is  defined  by  MIL-D-6998.  It  is  commercially 
available  and  may  be  procured  locally.  It  should  be  noted  that  the  RS  5000 
SC19-143  code  number  assigned  to  PPG  IND's  polyester  resin  designates  an 
experimental  material.  For  production  quantity  runs  it  has  been  assigned  code 
number  RS50129.  It  may  be  obtained  under  either  the  experimental  or 
production  code  number. 

Manufacturer's  certification  as  to  material  along  with  suitable  labeling  o! 
materials  should  be  required  in  order  to  adequately  verify  materials  received 
for  field  usage.  Source  inspection  for  the  mechanical  and  physical  properties 
of  the  materials  previously  discussed  in  Sections  3.2  and  3.  3  may  also  be 
considered  as  a  means  of  suitably  identifying  and  verifying  materials. 

In  addition  to  the  above,  applicable  provisions  of  MIL-M-43248  (MR)  and  MIL- 
D-2035  may  be  cited  when  ordering  fiberglass  reinforcement  and  Dimethyl 
Aniline  respectively. 
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4.0  CONCLUSIONS,  RECOMMENDATIONS  AND  FOLLOW-ON  ACTIVITIES 
4.1  Conclusions 

Surfacing  Materials  and  Packaging:  The  surfacing  materials  selected  have 
demonstrated  satisfactory  performance.  These  materials  produce  a  surface 
of  high  strength,  permit  controlled  curing  under  a  wide  range  of  field  condi¬ 
tions,  and  are  suitable  for  a  wide  variety  of  uses.  The  woven  roving  reinforce¬ 
ment  has  inherent  tendencies  to  wrinkle  when  emplaced  on  other  than  flat  sur¬ 
faces  or  when  deviations  from  straight  roll-out  occur.  This  is  not  considered 
serious  for  most  uses  but  does  suggest  investigation  of  other  types  of  rein¬ 
forcement.  The  emulsified  benzoyl  peroxide  is  very  satisfactory  as  a  curing 
agent  but  is  predisposed  to  complicate  dispensing  equipment  and  increase  the 
system  cleaning  burden.  The  methylene  chloride  solvent  is  very  effective  as  a 
cleaning  agent  and  the  nonflammable  properties  are  a  necessity  for  such  usage. 
The  surfacing  materials  packaging  concept  is  well  suited  for  military  opera¬ 
tional  usage  and  commensurate  with  maintaining  a  high  rate  of  surfacing. 
However,  it  is  probable  that  the  resin  container  could  be  simplified  particularly 
with  respect  to  the  plastic  inner  liners. 

Operational  Usage:  It  is  considered  that  the  prototype  advanced  surfacing 
systems  are  suitable  for  field  usage,  including  capability  to  achieve  the  re¬ 
quired  surfacing  rates,  as  indicated  by  the  operational  usage  studies  and 
verified  by  the  surfacing  tests  and  demonstrations.  Personnel  tasks,  surfac¬ 
ing  equipment  operations,  and  ancillary  equipment  operations  during  tests  and 
demonstrations  were  based  directly  on  the  operational  usage  studies  and 
established  their  general  validity. 

Prototype  High  Rate  Application  Equipment:  The  high  rate  truck  mounted 
application  equipment  exhibited  satisfactory  design  and  performance 
characteristics.  The  truck  has  the  required  mobility  and  speed  range  to 
accomplish  surfacing  and  maintain  highway  speed.  The  crane  provides  ade¬ 
quate  capability  to  surface  to  the  left,  the  rear,  or  to  the  right  of  the  truck. 

The  lJquid  dispensing  system  exhibited  consistent,  reliable  performance.  The 
surfac.1  rolling  equipment  proved  to  be  very  effective.  The  roller  cleaning 
equipment  was  also  very  effective.  Cleaning  of  the  application  equipment 
would  be  improved  by  the  use  of  throw  away  plastic  sleeves  on  the  fiberglass 
guide  rollers. 

Prototype  Low  Rate  Application  Equipment:  The  trailer  mounted  application 
equipment  exhibited  satisfactory  design  and  performance  characteristics  as 
regards  surfacing  and  mobility.  However,  the  parking  brakes  are  not  per 
MIL-M-008090E  requirements  and  capability  to  meet  these  requirements  in 
the  future  is  questionable.  The  liquid  dispensing  system  exhibited  consistent, 
reliable  performance.  Performance  of  the  fiberglass  dispensing  equipment  was 
also  satisfactory.  The  manual  surfacing  rollers,  while  adequate  for  small  or 
uneven  areas,  are  not  adapted  to  rolling  large  flat  areas  and  are  not  as 
effective  for  this  as  the  high  rate  equipment.  Larger  rolling  equipment  possi¬ 
bly  towed  by  a  vehicle  would  probably  be  more  effective.  The  cleaning  equip¬ 
ment  proved  satisfactory.  However,  larger  rolling  equipment  would  require  a 
larger  cleaning  trough. 
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4.1  Conclusions  (Cont) 

Systems  Tests  and  Demonstrations:  All  spe«  if  led  systems  tests  and  demon¬ 
strations  were  successfully  performed  indicating  adequacy  of  the  systems  for 
operational  usage  and  indicating  the  desirability  of  a  follow-on  production  pro¬ 
gram  based  on  the  prototype  systems.  The  roller  equipment  structural 
failure,  the  sprocket  chain  separation,  and  the  flexible  hose  leakage,  in  view 
of  reasons  for  occurring  and  corrective  measures  taken,  are  not  considered  to 
reflect  on  overall  systems  capability. 

4.2  Recommendations 

Hie  following  recommendations  are  submitted. 

Investigation  should  be  made  relative  to  availability'  or  development  of  fiber¬ 
glass  reinforcement  matting  which  has  reduced  or  minimum  tendencies  to 
wrinkle. 

Development  effort  should  continue  on  producing  a  low  viscosity  liquid  catalyst 
which  has  capability  to  effect  resin  cure  over  a  wide  environmental  range. 

Such  a  catalyst  would  reduce  dispensing  system  complexity  and  reduce  clean¬ 
ing  burden. 

Investigation  should  be  made  relative  to  simplifying  the  resin  container.  One 
approach  would  be  to  replace  the  three  thin  plastic  liners  with  a  single  heavy 
gage,  semi-rigid  liner,  with  integral  shut  off  valve.  Figure  120  shows  a 
comparable  concept  developed  by  Seattle  Box  Co. 

The  use  of  throw-away  plastic  sleeves  on  the  fiberglass  guide  rolls,  as  a  means 
of  simplifying  cleaning,  should  be  investigated. 

Military  specification  MIL-M-008090E  should  be  reviewed  relative  to  applic¬ 
ability  to  large  trailers  and  consistency  with  current  requirements  of  agencies 
such  as  the  I.  C.C.  and  D.O.  t.  Applicable  revis{ons  and  updating  should  be 
accomplished. 

A  larger  surfacing  roller  for  use  on  large  areas  should  be  developed  and 
evaluated  for  the  low  rate  system.  Matching  roller  cleaning  equipment  should 
also  be  developed. 

An  advanced  surfacing  systems  production  program,  based  on  the  prototype 
systems  and  considering  the  foregoing  recommendations,  should  be  imple¬ 
mented  as  soon  as  feasible. 

4.3  Follow-On  Activities 

In  addition  to  the  foregoing  recommendations  it  is  considered  that  the  following 
activities  should  be  undertaken. 

A  training  program  should  be  implemented  to  train  military  personnel  in 
operation  and  maintenance  of  the  prototype  advanced  surfacing  systems  prior  to 
usage  by  military  personnel  only.  This  training  program  is  considered 
particularly  necessary  for  the  high  rate  system. 
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LINER  DATA 


Material:  .010  or  .020  Closed  Cell  PVC 
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Figure  120 :  MODIFIED  RESIN  CONTA INER  L INER 
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4.3  Follow-On  Activities  (Cont) 

In  addition  to  further  field  testing  of  the  prototype  advanced  surfacing  systems 
with  the  surfacing  materials  developed  under  contract  N62399-71-C-0016, 
testing  should  be  accomplished  as  soon  as  possible  using  the  material  system 
being  developed  for  the  Air  Force  by  the  Dow  Chemical  Company. 

Investigations  should  be  made  and  appropriate  development  implemented  toward 
providing  adapter  kits  for  the  high  rate  application  equipment  resulting  in 
increased  versatility.  Such  kits  could  include  providing  capability  to  dispense 
chopped  roving  for  use  on  curved  or  irregular  surfaces  or  special  attachments 
for  surfacing  areas  such  as  ditches  or  banks. 
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APPENDIX  A 


MATERIALS  DATA 

During  the  materials  verification  portion  of  the  program,  data  on  the 
mechanical  and  physical  properties  of  the  2. >540  and  5000  SC19-143  resin 
was  requested  from  the  respective  manufacturers.  Figures  A-l  and  A-2 
are  the  data  submitted  for  the  26540  and  5000  SC19-143  resin, 
respectively. 
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Durez 


DIV  II'-ION 


NORTH  TONAWANOA,  NEW  YORK  14120.  PHONE  (716)  693-1860 

June  30,  1971 


Mr.  Bob  Macintosh 
Orgn.  Ma  8440,  MS  2382 
Boeing  Company 

Military  Airforce  systems  Oiv. 

Box  3955 

Seattle,  Washington  98124 
Dear  Mr  Macintosh 

At  your  request,  we  have  determined  the  following  information  on 
Hetron  26540: 


Property  Value 


Tensile  Elongation  at  break 

1/8"  casting  1.62% 

1/16"  Casting  l.S9% 

Heat  Distortion  Temperature 

(264  psi)  66.5°C 

%  H20  absorption  24  hr  room  temp 

1/8"  laminate  0.08% 

1/16"  laminate  0.12% 

%  H_0  absorption  24  hr  @  100®C 

1/16"  laminate  0.19% 

1/8"  laminate  0.12% 


For  the  Taber  abrasion  resistance,  we  have  enclosed  a  graph  show¬ 
ing  the  abrasion  with  a  CS-17  wheel  with  1000  gm  weights. 

We  do  not  have  any  information  concerning  Mil-H-5606  Hydrolic  Oil 
or  IPA  (T-I  735)  resistance.  However,  we  feel  that  these  materials 
are  not  a  throat  to  degrading  of  this  polyester 


Figure  A- 1 :  MANUFACTURER'S  DA  TA  -  RESIN  26540  (Sheet  1  of  3) 
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Boeing  Co. 
June  30,  1971 
Page  2 


If  there  are  any  questions  on  the  above  information,  please  do 
not  hesitate  to  call. 

Yours  truly 

IOJ 

W.  J.  Purosky 
Polyester 
Technical  Service 


Enc. 


Figure  A-t:  MANUFACTURER'S  DATA  -  RESIN  26540  (Sheet  2 of  3) 
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INDUSTRIES 

PPG  INDUSTRIES.  INC./ROOM  100/500  OFFICE  CENTER  BcDG./FORT  WASHINGTON.  PA.  19034/AREA  215/643-4720 

Rnln  Products  Salts 
Coatings  and  Resins  Division 


June  18,  1971 


Mr.  Robert  Macintosh 
Boeing  Company 
Organization  M-8441 
Mail  Stop  2382 

Military  Airplane  Systems  Division 
Seattle,  Washington  98124 

Dear  Cob : 

Confirming  our  conversation  I  am  enclosing  the  test  data  obtained  on  SELECTR0N 
5000-SC19-143. 

I  trust  this  information  will  be  helpful,  and  if  we  can  be  of  any  further 
assistance  do  not  hesitate  to  call. 


Sincerely, 


Charles  G.  Brown 
Regional  Manager 
Resin  Products  Sales 

CGB:el 

Enel. 


Figure  A-2 :  MANUFACTURER'S  DA  TA  -  RESIN  5000  SC  19- 143  (Sheet  1  of  2) 
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Physical  Properties  -  SELECTRQN  5000  SCI 9-143 

Casting 

Flexural  Strength,  psi  11,023 

Flexural  Modulus,  XIO^  5.71 

Tensile  Strength,  psi  5,290 

Tensile  Modulus,  XIO-’  5.21 

Elongation  in  Tension,  %  1.10 

Heat  Distortion,  264  psi,  °C.  97 

Izod  Impact  Strength,  Ft.  lbs. /in. 

notch  0.374 

Compressive  Strength  21,725 

Jttarcol  Hardness  47-52 

Water  Absorption,  24  hr.  immersion,  %  0.158 

Hydraulic  Fluid,  %  0.2 

Iso  Propyl  Alcohol,  X  1.2 

Taber  Abrasion  Resistance  CS-17  Wheel 
100  cycles  -  50  mgl/1000 
500  cycles  -  50  mgl/1000 


Figure  A-2 :  MANUFACTURER'S  DA  TA  -  RESIN  5000  SC  19- 143  ( Shee r  2  of  2) 
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APPENDIX  B 

EQUIPMENT  CAPABILITY  CERTIFICATION 

Hie  equipment  item  certification  data  received  from  suppliers  is  contained 
in  Figures  B-l  and  B-2.  Since  all  tests  during  the  program  were  conducted 
under  -  t  conditions,  proof  of  equipment  capability  to  operate  at  from 
minus  25  F  to  plus  125°F  was  required.  This  data  is  presented  in  Figure 
B-3. 
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A  DIVISION  OF  ATLAS  CORPORATION 


603  Hendie  Street,  Springfield,  Massachusetts  01109 
Phone  413-739-5631  ■  TWX  413-781-2191  •  TELEX  95-5434 


September  15,  1972 


TO: 

Boeing  Company 

FO: 

99683 

QTY: 

1  pc 

CERTIFICATION 


It  is  hereby  certified  that  the  assembly  mentioned  above,  in 
reference  to  Goodall  Rubber  Company's  purchase  number, 
was  100%  pressure  tested  hydrostatically  at  1800  PS1G  with 
H^O  for  a  period  of  three  (3)  minutes  without  leakage,  damage 
or  deformation. 


Robert  W.  Wilder 

TF,  QC,  General  Foreman 


RWW/pd 


Figure  B- 1 :  MANUFACTURER'S  CERTIFICA TION  -  RESIN  DELIVERY  HOSE, 
LOW  RATE  SYSTEM 


A.  B,  CHANCE  CO.  enoineerino  test  report 

PITMAN  MFG.  CO.  DIVISION 


ENGINEER:  Bryce  Robinson 


OBJECTIVE  OF  TEST: 

1.  Test  assembly  for  proper  functioning. 

2.  Check  pressure  relief  setting  of  the  control  valve. 

3.  Test  lifting  capacity  of  crane  at  a  radius  of  12'6"  with  booms  flat  out. 


TEST  PROCEDURE: 

1.  Crane  was  mounted  on  the  test  pedestal. 

2.  Hydraulic  source  was  the  hydraulic  test  stand  with  the  output  flow  set 

at  5  gpm. 

3.  A  12  VDC  wet  cell  battery  was  used  to  actuate  the  solenoid  valves. 

4.  All  functions  were  operated. 

5.  A  2500  lb.  weight  was  used  to  test  the  lifting  ability  of  the  crane. 


RESULTS: 

1.  All  functions  of  the  crane  worked  properly. 

2.  The  main  pressure  relief  valve  setting  was  2500  psi. 

3.  The  swing  circuit  pressure  relief  valve  was  2500  psi. 

4.  The  crane  lifted  2500  lbs.  at  a  radius  of  12'6"  and  the  booms  flat  out. 


CONCLUSIONS:  l.  All  functions  operate  as  designed. 

2.  The  swing  circuit  relief  setting  was  2500  t>si.  Purchase  description  for 

valve  specified  2000  psi.  This  will  not  affect  unit  operation.  Decision 
was  made  to  ship  as  is  rather  than  hold  shipment  for  replacement  springs. 

3.  The  crane  has  the  specified  lifting  capacity. 


RECOMMENDATIONS: 

1.  Order  new  2000  psi  pressure  relief  springs  for  the  swing  circuit. 

Figure  B-2 :  MANUFACTURER'S  CERTIFICA  TION  -  PC  55  CRANE 
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HIGH  RATE  SYSTEM 

Item 

Operating  Temperature  -  Verification  Deta 

Engine  with  Clutch  Reduction  Unit, 
Wisconsin  VG-40  end  Twin  Dtec 
Clutch  Reduction  Unit 

Wiaconein  Letter 

Catalyst  Pump.  Milton  Roy 

MR  1-68A-140SM 

Promoter  Pump,  Milton  Roy 

MR  1-911-93  SM 

Reein  Pump,  Viking  1  0114 

Catalog  Deta,  -20°  F  to  +136°F.  Verbal  confirmation  from  Manufacturer 
that  pump  range  can  be  extended  to  -36° F. 

Seme  as  Catafyet  Pump 

Pump,  -60° F  to  +660°F,  Catalog  Data.  Reducer,  0°F  to  150°F.  Catalog  Date. 
Mfgr.  verbally  confirm*  aatitfactory  operation  to  -35°F  using  SAE  10  W  lubricant. 

Miter  Geer  Box,  Mors*  OM 

+20c  =  A  above  -  SAE  90  Gear  Oil.  0°F  to  +20°F  SAE  80  Geer  Oil 

-36°F  -  0,  Mobil  Compound  AA  or  Texaco  Merop*  No.  3 

(Catalog  data  and  verbal  recommendation  from  Rue*  More*  of  More*  Denver  Plant) 

Power  Takeoff  Spicer  S32D-A16 
end  Power  Divider,  Watson  WD-3 

Dietributor  recommend*  truck  tranamMon  oh.  Fuller  Tran  am  iw  ion  Lube  Data 
reoommenda  MIL-L-3106  for  below  -tCrF 

Crene  Rotation  Geer  Box 

Hydraulic  System 

Mfgr.  (Pitman)  recommend*  MIL-L-2106B  for  low  temp,  operation  to  -35°F. 

Mfgr.  (Pitman)  confirm*  aeticfactory  operation  to  -26°F  and  racommendi 
MIL-H-G606A  oil  for  low  temp,  operation  (*y*t*n.  hw  MIL-H-5606A  oil). 

Solvent  Pump.  Viking  F432 

Solvent  How.  Parker  H510-6 

Ball  Valve*,  Worcester  800 

-fXPf  to  +4MpF.  Catflog  Data. 

-40°F  to  ♦226°F,  Catalog  Data. 

-60°F  to  ♦BBOPf,  Catak  g  Deta. 

Ball  Vaivw.  Jam**  Bury  A22TT 
and  A38TT. 

Mfgr.  verbally  confirm*  eatiefactory  operation  to  -25°F  (meter  i*li  & 
conetruction  nearly  identical  to  Worcester  Ball  Vaivw). 

Rwittoflax  How* 

Engirt*  and  Reduction  Unit 
(Wieconsin  AENLDI 

-66°F  to  +276°F.  Catalog  Data. 

-36°F  to  +125°F  per  Wiaconein  Letter 

Ratin  Pump,  Viking  HL196 

Metaring  Pump. 

Milton  Roy  PR-361-144 

-40° F  to  ♦  3B0°F,  Catalog  Data 

♦  16°F  to  +6G°F,  Meropa  No.  1  above  +KpF,  Merop*  No.  2  (Catalog Data) 

-36°F  to  +16°F,  Dexron  Tranemiaaion  Fluid.’ 

•  Mfgr.  ttata*  limit  dictated  by  lube  viscosity.  Dexron  tranimisstoi  fluid  has 
similar  viacoeity  at  low  tamp,  range  that  Merop*  1  A  3  have  at  higher  temp 
rangw.  After  coordinating  thi*  with  pump  Mfgr.,  connector  recommended 
the  tranemiaaion  fluid  for  low  temp,  operation. (See  Viscosity /Tamp.  Graph) 

Tech  Generator  Syitem 
(Pump  Speed) 

-67°F  to  +212°F,  Catalog  Date 

How  Reel,  Hannay  Pert 

Number  7034-33-34-30 

-30°F  to  +210°F.  Catalog  Date.  Mfg.  verbally  confirms  equipment  -o ability 
to  operate  at  -25®F.  S  ivel  joint  -40°F  to  r440°F,  Catalog  Data 

How 

-  Gate*  43HW 

-  Parker  K9  101 

-  Tide  Flex  CC  Serial 

Ball  Vaivw,  Wore** ter  BOO 

Ball  Vaivw,  Jamw  Bury  ah  Serial 

Relief  Valve,  Republic  641B  Sana* 

Similar  to  46  HW  l-e/fF  to  +160°F) 

-100°F  to  M60°F,  Catalog  Date 

-B6°F  to  ♦275°F 

-B6°F  to  ♦490°F  r460°F 

-60° F  to  •*-460°F,  Catalog  Data. 

Mfg  verbally  confirm*  wti*f*ctory  operation  to  -26°F 
-B6°F  to  +326°F ,  Catalog  Dels 

Figure  B-3 :  PROOF  OF  EQUIPMENT  CAPABIL ITY  AT  MINUS  25° F  TO  PL  US  125°F 
(REFERENCE  CONTRACT  PARAGRAPH  1. 16.3) 
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APPENDIX  C 


VENDORS 

The  various  suppliers  of  surfacing  materials  and  manufactured  plumbing 
system  components  are  presented  in  Figure  C-l.  In  the  majority  of  cases 
the  items  and  vendors  listed  supplied  materials  and  components  used  in 
both  the  high  and  low  rate  surfacing  systems.  Items  used  on  only  one  of 
the  two  surfacing  systems  are  noted  in  the  remarks  column  of  Figure  C-l. 
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ITEM 

VENDOR 

Polyester  Resin : 

RS6012S 

(RS  600  SC19-143) 

36640 

PPG  Ind's  Inc.  Room  100 

600  Office  Center  Bldg. 

Fort  W«hing«on,  Pa. 

Hooker  Duraz  DivMon 

North  Tonawende.  N.Y. 

Cetelyst  S-0046  Green 

Noury  Chemical  Corporation 

2163  Lookport-Oloott  Rd. 

Burt,  N.Y. 

Laminae  Promoter  410 

100%  Active  DiM ethyl 

Aniline 

American  Cyartamid  Corporation 
Wallingford,  Conn. 

Methylene  Chloride 

Great  Western  Chemical 

eeoo  Fox  st.  s 

Seattle,  Wa. 

Tote  Boxes 

Seattle  Box  Company 

401  S.  Spokane 

Seattle.  Wa. 

Fibers  see  Reinforcement 

FABMAT  C-4020 

FABMAT  02416 

FABMAT  01610 

Fiberglass  Industries 

Amsterdam,  N.Y. 

Reein  Pumps 

Solvent  Pumps 

Viking  Pump  Company 

Cedar  Fads,  Iowa 

Cetelyst  end 

Promoter  Pumps 

Milton  Roy  Company 

Philadelphia.  Pa. 

Flexible  Resin 

Hoses 

Trte  Flex,  Dkr.  Atlas  Corp. 

603  Hendee  St. 

Springfield,  Maes. 

Blenders 

Kenics  Corp. 

1  South  tide  Rd. 

Denver t,  Maas. 

Shut-  Dff  Velvet 

Worcester  Valve  Company 

W.  Boylston,  Maes. 

Jamas  Bury  Corporation 

640  Lincoln  St 

Worcester,  Mass. 

Swivel  Joints 

Kemvelock  Adapters 
end  Couplings 

Resin  Strainers 

Dover  Corp.,  OPW  Division 

2736  Colarain  Ava. 

Cincinnati,  Ohio 

Resin  Selector  Vetve 

Xomox  Corporation 

Cincinnati,  Ohio 

Sorey  Nozzles 

Solvent  Sprsy  Guns 

Spraying  Systems  Co.,  Inc 

3201  Randolph  SL 

Bettewooi,  III. 

Check  Velvet 

Durable  N  fg  Company 

1 14  Liber.y  St. 

New  Yotk.  N.Y. 

Check-All  Valve  Mfg.  Co. 

520  Elm  SL 

Dae  Moines,  Iowa 

Relief  Velvet 

Republic  Mfg  Co. 

16666  Brook  Perk  Hd. 

Cleveland,  Ohio 

Kunkle  Valve  Co. 

101-126  S.  Clinton  SL 

Fl  Wayne,  Ind. 

Farris  Ertgr.  Corp. 

400  Commei  lei  Ave. 

Palisades  Park,  NJ. 

Supplier  for  Motor  Driven 

Resin  Velvet  t'igl  Rate  System  , 


Resin  Check  Velvet 
High  Rete  System  Only 


Promoter  -  Low 
Rete  System 


Promoter  -  High 
Rete  System 


Cetelyst  -  High 
Rete  Systet  ’ 
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